[N RO Review Completed.]

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6

CONFIDENTIAL

U.S. AIR FORCE

PROJECT RAND

RESEARCH MEMORANDUM

C‘AMII.Y OF RECOVERABLE RECONNAISSANCE SATELLITES (U)

M. E. Davies and A. H. Katz

Re. W. Buchheim T. B. Garber Jo He Huntzicker
T. F. Burke C. Gazley, Jr. H. A. Lieske
R. T. Gabler E. C. Heffern D. J. Masson

RM=-2012

12 November 1957

o

j

This material contains information affecting the national defense of the United States wjthin
the meaning of the espionage laws, Title 18 U.S.C., Secs. 793 and 794, the transmission or the

revelation of which in any manner to an unauthorized person is prohibited by law.

Assigned to

This is a working paper. Because it may be expanded, modified, or withdrawn
at any time, permission to quote or reproduce must be obtained from RAND.
The views, conclusions, and recommendations expressed herein do not neces-

sarily reflect the official views or policies of the United States Air Force.

DISTRIBUTION RESTRICTIONS

commercial organizations.

Review for declassification an  /,

7% RN D s

 Not suitable for distribution to industrial contractors or

-

1700 MAJ-N-&Y—A_S.A.N.LA_M.DNICA 2 LALIFORMNIA

CONFIDENTIA

3- DOWNGRADED AT 12 YEAR
INTERVALS; NOT AUTOMATICALLY
DECLASSIFIED. DOD DIR 5200.10

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6



A

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6

CONFIDENTIAL

RM-2012
11-12-57
ii1

SUMMARY

A family of feconnaissance satellites is proposed which would provide
both early and continuing photographic reconnaissance capability in augmen-
tation of the WS-1ll7L program. The systems proposed differ substantially
from the current_liYL concept.:

1. The proposed systems use a spin-stabllized payload stage.

2. They use a transverse panoramic camera of essentially conventional

design, fixed to spin with the final stage, which scans across
the line of flight.

3., The entire payload stage is recovered.

The first member of this family uses a 12-in. camera, carrying 500

feet of 5-in.-wide film. The extremely short exposure time--1/4000 sec--

‘eliminates the need for precise altitude, exact image-speed synchronization,

difficult -vehicle-camera performance, and extensive monitoring and adjusting
of the camera system. The system will provide sharp photographs of about
60-ft ground resolution._ Each exposure, covering some 300 miles across the
line of flight, will photograph some 18,000 sq mi. The 500-ft roll will
cover some 4,000,000 sq mi (almost haelf of the U.S.S.R.) and show major
targets, airfields, lines of communication, and urban and industrial areas.
The satellite which should weigh about 300 1b could be placed in a polar
orbit at 142 + 47 miles altitude by a combination of rockets such as Thor,
plus a second-stage Vanguard, plus a third-stage small solid-rocket similar
to Vanguard's third stage. A ohe-day operation is enviéaged, with recovery
of the satellite by command firing of a braking rocket on the 16th pass,

go that it would impact in a predictable ocean area. -
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This, the first proposed system, is the easiest to build of the several
possibilities; 1t could be followed by similar, but more sophisticated
systems using‘;onger focal-length cameras and larger film loads. These
advanced sygtems would provide much more detailed reconnaiésance over
larger areas than the early system. Availability of the first system is
believed to be about one year from the date of contract.

The 'later' systems could utilize-36Ain. and 120 in. lenses, as
described in this report. Based on experience with many other Research
and Development projects, it is suggested that these systems be built in
this order, for attempts to build the most sophisticated system would

‘require building the simpler systems anyway and labeling them scale test

models.
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PREFACE

This research hemorandum is the product of a feasibility study under-
takéﬁ by several members of the RAND technical staff. The basic idea
of using a‘spin-atabilized panoramic camera in the manner described herein

was developed by M. E. Davies in the spring of 1957. Others who contri-

buted in their special technical fields are listed in the table of contents.

The study presents a concept of photographic reconnaisgsance for
wvhich satellites appear eminently suited, and a preliminary design of the
first member of this reconnaissance satellite syétem, based on hardware

now available or which could be available in the near future. The choiéé

. of specific design parameters and methods of operation must be determined
. on the basis of further engineering studies. There is nothing unique or

" limiting in the choices of lens focal lengths or film payloads.

For the reason noted in the Summary (p. iv), design of the more
complicated systems has been largely ignored in this report. However,
optical and camera designs are available to meet the essentially conser-
vative specifications. Detailed design of advanced versions of the type
of sataellite proposed must be ﬁostponed until certain concepts have been
tested with simpler systems.

For example, for purposes of proposal and calculation, an interesting

alternate to the first system (the 12-in. focal length--4O lines/mm--

1/4000th sec--Plus X Aer-zcon combination) would start with an existing

Baker 24-in. :/5.0 telephoto lens, easily capable of 100 1ines/mm on a
microfile emulsion, with exposures at 1/1000 sec. These numbers, and

this system, would yield a ground resolution five times better than the
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preceding 12-in. system--a ground resolution of 12 feet! Exercise of this
option, however, and exploration of this possibility with its tighter
tolerances, should follow, not precede, testing of the simplest possible
system. Por this reason, no further mention of this otherwise intriguing
possibility is mgde in this report. There are other and important aspects
of any reconnaissance system which are not treated in this report, e;g.,
thé required accompanying ground handling syetém, the way in which
meagurements can be made from panoramic photography, and related questions.
These are all legitimate topics for subsequent investigation and detailed
discussion.

Following many paragraphs in the body of the text, there are references
to various appendixes. These are intended to clarify or develop specific
; remarks. Each appendix has, for editorial purposes, been treated separately;
:bibliqgraphical references and other supporting data are tyerefore given

at the end of each appendix.
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I. INTRODUCTION

%mmmwmmmwmﬁmsammmﬁ%mwsﬁdﬁ%smwmma
would provide an early and continuing photographic reconnaissance capa-
bility in augmentation of the WS-117L program. Relatively simple in
operation, the system would use a camera of essentially conventional
design in a comparatively unsophisticated orbiting vehi;le. A launching

.date about one year from the date of contract is contemplated. The
system will produce pictures of a scale and resolution that will yield
:valuable intelligence information about large areas of the Soviet Union.
Sections II through VII below discuss the reconnaissance satellite
émission, the camera proposed for the system, the means for placing it in
Eorbit ard recovering the film, the intelligence payoff, and finally, the
%growth potential of this system considered as the first of a series of

3
‘similar, but more advanced, reconnaissance satellites.
¢
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II. RECONNAISSANCE: NEEDS ARD MEANS

It is acknowledged that there 1s a need for better military intel-
ligence on the USSR and that aerigl photography 1s a preferred means of
collection. f’or one thing, ‘the area occupied by the Soviet Union and
its political satellites is very large and, for the most part, inacces-
sible except by overflight. Secondly, in the immediate future it will be
vital for us to know a great deal about the patterns of use, installation,
and concealment of Soviet ICEM's. Finally, it is essential that we
have detailed information from time to time om aircraft-missile phasing
in the Soviet Union. We must know the character and composition of these
major threats to our lives and security. k

In describing airborne photographic reconnaissance systems, it is
convenient, by way of developing an operational concept, to think in
térms of four levels of reconnaissance: A, B, C, and D.

Level A provides la.rge—areé. search, measured in millions of square
miles. Level B is limited-area search, measured in hundreds of thousands
of square miles. Level C, specific-point-objective photography, is
mgasured in hundreds of square miles. And Level D, technical-intelligence-
objective photography, provides coverage in blocks tens of square miles
or less in size.

The reconnaissance satellite system proposed permits us to progress
systematically from Level A toward Devel D in a series of system improve-
ments. The basic systems will enable us to cover millions of square miles
of the Soviet Union giving us photographs of such a scale and resolution

that significant intelligence information can be obtained. Such missions

can be repeated from time to time to reveal new developments in the
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Soviet posture. Re'connaissénce at Level A will also be valueble in
providing information on where to conduct more detailed reconnaissance.
While the system will not provide us with warning intelligence, 1t will
help us estimate Soviet capabilities and identify certain kinds of

major targets. (Appendix A)
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III. THE CAMERA

Thé camera proposed for this system: is a transverse panoramic camera
containing a 12 in. focal-length, highly corrected £/3.5 lens which covers
& fairly narrow angle of approximately 21 degrees.. Wide-angle scanning is
accomplished by the expedient of moving the lens across the field during
the exposure time. ‘

For transyerse scanning of the ground from a satelllite, the camera
must rotate around the longitudinal axis of the vehicle. For this appli:ca-
tion 1t is proposed to rotate the en‘lﬁ.re orbiting vehicle with the camera
firmly attached, thus generating a sweep across the line of flight. It
is not proposed to rotate the camera within its carrier.

Figures 1 and 2 show the geometry of the camera, lens, and focal
plane relationships. The lens is mounted perpendicuia.r to the carrier's
roll axis behind a quartz window in the surface of the carrier. The lens
images the ground on & fixed slit in front of the focal plane, the slit
serving, in effect, as a very fast shutter. When the film is moved
during the scan exposure, at a rate exactly matching the image motion
produced by passage of the carrier over the ground, a continous, sharp
photograph is produced in the focal plane. During the portion of the
rotational period in which the lens does not "see" the ground, a measured
length of film is rolled off the supply spool in readiness for the
next exposure. At the same time, the last exposure is wound up on the
take-up spool. (Appendix B)

ATTITUDE STABILIZATION

Note that the transverse panoramic camera under discussion does not

require the usual kind of attitude stabilization necessary for :cameras
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mounted in aircraft. The entire carrier rotates; this is an important
distinction between this proposal and othér proposals for camera-carrying
satellites.

Spin is imparted to the payload stage to produce the scan necessary
for producing photographs across the line of flight. In addition, spin
imparted to the payload stage stabilizes it in inertial space. That is,
spinning the payload stage serves the twofold purpose of stabilizing the

" attitude of the éamera in space and scanning the ground at the proper rate.

The preferred orientation of the camera in space is determined

_ by the geography of the area to be surveyed (see Fig. 3). Although

i the Soviet bloc occupies about 180° of longitude, its area is somewhat

? compressed in latitude. Most of the territory of interest, from a re-

§ connaissance standpoint, lies between 40 degrees North and 70 degrees

f North. This geographical fact turns out to be a very fortunate one as

| regards attiiude stabilization, for it means that if the payload vehicle
can be Qtaﬁiliied in-an attitude horizontal to the surface of the earth
at 55 degrees--i.e., midway between the two latitudes--the camera will
produce acceptable pictures over the entire distance from 40 degrees North
to 70 degrees North. (The satellite 1s considered to be on a polar
orbit, as will be discussed below.) Note from Fig. 3 that, when the
payload stage 1s at 4O degreés North, the vertical, with respect to the
axis of the vehicle, is pointing back 15 degrees with respect to the
earth; at 70 degrees North, it points forward 15 degrees. These angles
result in very small errors in uncompensated image speed; in fact, they
can be completely disregarded when discussing the quality of the photo-

graphy. (Appendixes B and C)
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Fig. 3— Schematic of trajectory and payload attitude
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SHUTTER SPEED

Another important feature of the camera lies in the employment of a
very high effective shutter speed, or short exposure time. This allows us
to ignore fairly substantial changes in altitude and uncompensated image
spegd, changes in vehicle velocity over the surface qf the earth, small
angular rates and displacements, and other such effects which, in any
customary reconnaissance vehicle, would certainly ruin photographic quality.

. It appears, at first sight, that taking photographs from avsatellite
moving at about 18,060 miles per hour would be an extraordinarily difficult
Job because of image blurring, the lack of sharpness, the lack of defi-
nition, and hence the lack of information-gathering capacity. This first
impression is not entirely erroneous. It is difficult to take pictures
from an object moving at high speed--but not impossible. It can be done
'if the image motion duriné exposure is kept as small as possible, con-
sistent with the requirements for definition.

This satellite reconnaissance system is not intended to achieve
" microscopic resolution at, say, levels of 100 lines/mm. The goal,
believed to be fairly easily attainable, is a modest 40 lines/hm of
film resolution. This is attained operationally with certain specialized
reconnaissance systems now in use.

A statistic commonly used in describing aerial reconnaissanqe systems
is ground resolution. Ground resolution is simply the ground dimension
that corresponds to one line of resolution in a focal plane. In this case
a 12-1in, focal-length lens and 40 lines/mm are being considered. Thus
l/hO mm projected through a 12-in. lens to the ground at-a distance of

750,000 £t corresponds to a distance of 60 ft.
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The effective design shutter speed for this camera is 1/4000 second.
This speed is obtained by properly designing the slit described earlier,
in conjunction with the film speed and rate of scan, or vehicle rotation.
This exposure speed is consistent with the choice of film emulsion--called
Plus-X Aerecon--and the choice of lens speed f/}.S. At the design
altitude, about 6 £t of forward motion are produced during the exposure
time of 1/4000 sec while the vehicle is moving at 25,000 ft/sec. This is
1/10 of the bdasic 60-ft resolution element, and can be tolerated, in fact
ignored, for purposes of phofo interpretation.

This extremely fast exposure time makes it posaible.to ignore forward

) image motion; it also makes it possible to ignore altitude changes,
_ probable angular displacements, velocity variations, and substantial

' variations in film rate. (Appendix B)

CONFIDENTIAL "

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6



Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6

CONFIDENTIAL

RM-2012
11-12-57
.13

IV. THE ORBIT

.A polar orbit is preferred, with a firing south from Camp Cooke. A
design altitude acceptable to the camera is 142 + 47 miles. If the
satellite -went much above 200 miles, ground resolution would be degraded.
If altitudes much lower than 100 miles were used, the satellite would en-

counter undesirable aerodynamic forces. (Appendix D)

GROUND COVERAGE

‘With respect to tetal time in orbit, a l-day operation is envisaged.

In one day the satellite will make about 16 revolutions around the earth,

8ix or seven of which would oceur over the Soviet Union. The camera carries

500 feet of 5-inch-wide film which will permit 300 exposures at a film
speed'of about 23 inches per second. The payload rotates at about 20
revolutions per minute, with the camerﬁ timed to make an exposure every
third revolution. |

Each exposure will produce a picture covering some 18,000 square
miles on the ground. Each pass over the Soviet Union will cover about
3/& millionméqpafe miles on the groﬁn&. The total film load will photo-
graph some 4 million square miles, or nearly half the total land area of
the Soviet Union. Fig. 4 is a schematic representation of a l-day

operation. (Appendix B)

ASCENT TRAJECTORY
The powered-ascent trajectory is effected by the combination of the
Thor booster, with first-stage guldance preprogrammed for phe autopilot,
and the second-stage Vanguard using its autopilot in conjunction with
component.g of.the G.E. radio system.
CONFIDENTIAL
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During the period of coast to the design altitude of about 142 miles,
the second stage, containing the spin-up and separation mechanism, orients
and spins the third stage in preparation for the final velocity increment.

A typical ascent trajectory is shown schematically in Fig. 3. The orien-

tation, produced by the control Jets (using residual helium) in the second

stage, 1s to a pitch attitude such that the vehicle is parallel to the

earth's surface at 55 degrees South (or North) latitude. After orientation,

aﬁd before the third stage fires, the third stage and the payload are spun
around their roll axis to the angular velocity required to stabilize the
vehicle and provide the proper scan rate for the camera.

The firing of the third stage separates it from the second stage and
imparts the final velocity increment required to maintain a circular
orbit. At third-stage burnout, a small separation device is fired, sepa-
rating the payload and leaving it, properly oriented and spin-stabilized,

in free space. (Appendix E)
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V. THE VEHICLE

PAYLOAD STAGE

The weight of the camera and film installation is sbout 80 pounds.

A total payload weight of 300 pounds bas been selected, leaving about 220
pounds for payload structural components, re-éntry coating, braking-rocket
propellants, batteries to operate the film mechanism, beacon and trans-
ponder, and for associated gear necessary to operate the camera and recover
the package, It might be noted at this point that the power requirement
for the camers is conservatively estimated at 100 watt-hours, which can

be provided by a few pounds of batteries. Table 1 summarizes the payload-

stage weights,
Table 1

Payload-Stage Weight Summary (1b)

Group A - Photographic Installation e o s s o o 80

CEMETB o« o o o o« o ¢« o o ¢ o o o 38

Fim‘.'..........‘lo

Environment « ¢« ¢« ¢ ¢ ¢ ¢ ¢ o o o 7

Attitude SensSor « « « « o« o o o o 10

MiscellaneousS . « « « « o o o o o 1D
GroupB-Stmctmooooooooooooto.oooo llo

Shelloooocoooooo'oo 30
Fiberglas . . .

&

~ Group C - Recovery System .

anu.lse Rocket o+ ¢ ¢ ¢ o ¢ ¢ o o 85
Tracking Beacon . « « ¢ o o o ¢ « 16
Recovery Beaconl 4 « o ¢ o o ¢ o o 9

TOtalPayload-StageWeight oo.o.;oooooooooo 300
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The payload-stage configuration chosen for thils case is a double
conical shape with a maximm dismeter of 35 inches (see Fig. 2). A
symetrical body was chosen because of the desirability of minimizing
possible aerodynamic 1lift forces at the relatively low orbital altitude,
Skin material is assumec wu ‘bt_a 0.050 magnesium alloy coated -with a layer
of fiberglas-plastic combination on the forward end for heat protection,

The payload stage includes a braking rocket using about 70 1b of propellants,

BOOSTER CONFIGURATIOR

The booster combination proposed for the early reconnaissance
satellite is the Thor IRBM and the second stage of Vanguard, with a small
solid(rocket, similar in principle to the third stage of Vanguard, to
provide a final orbital increment., The propulsion is thus provided by a
liquid-liquid-solid combination., Table 2 is a summary of vehicle weights,

Table 2

Vehicle Weight Summary (1b)

Orbita.lpayload......_.......... 300
Third stage (8011d) « ¢ o « ¢ o o o o o s o o o 350
Second stage (Vanguard 2nd) . 4,730
Initial stage (ThOr) .« o o o o o o o o « o 110,892

L ]
L
L]
L ]
[ ]
]
(]
[ ]

From a preliminary structural investigation it appears that the Thor
airframe and its major components need not be modified for the satellite
mission, The Thor autopilot and control system can be used for first-

stage guidance, although there is some possibility that this system would
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require some modification to offset the heavier load on the nose of the
Thor and the increased loads during the ascent trajectory. For the
satellite migsion, the Thor inertial guldance system will not be required.
The basic airframe of the Vanguard second stage need not be modified
for this application, with the exception of the aft interconnect structure,
which will have to be designed to mate the 32-in, diameter Vanguard with
the 64-in, diameter Thor nose come. The guldance system of the second-
stage Vanguard would be used in conjunction with G.E, (107A) components.,
The size of the:third stage has not been optimized, However, the
Venguard third stage is characteristic, in concept at least, of the type
of solid propellant mket thaf would be required for the present application.

(Appendix F)
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VI. TRACKING AND RECOVERY

Tra.ck;l.ng will be required for essentially three reasons: to determine
the orbit accurately enough for coordination of photggraphic data; to
trigger the braking rocket at the ﬁrpper time for the descent; and to
establish the descent path so that the impact point can be located,

The number of trackers required and the spacing between them is
dictated partly by the guidance accuracy., To insure against guidance
inaccuracies in launching, it is proposed that two or three trackers be
| used in an arrangement which places them generally with about a 200-mi
separation on a line normal to the orbit,

A secc;nd factor that must be considered in determining the number and
spacing of trackers is the deterioration of tracking accuracy at low
angles above the horizon, It is highly important that the satellite pass
élose enough to at ;east one station so that sufficient tracking data can
be obtained at angles of elevation greater than about 20 degrees, For a
nominal satellite altitude of 142 mi, this requires that the satellite
pass within roughly 5 degrees of the station, or within a ground range of
about 350 mi, Again, two or three trackers at interwvals of 200 mi normal
to the orbit are dictated.

Because the satellite is tb be placed on a polar orbit, these
obJectives can be met by a small number of trackers near one of the poles,
It seems advisable to locate the tracking stations, say three of them,
at a high northern latitude such as in Alaska or Canads, Spacing should
be about 200 mi in longitude,

Tracking data would be in the form of two angles and a range to

permit orbit prediction, The use of range information considerably relaxes
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the requirement for angular accuracy. To obtaln range, a transponder in
the satellite is required. (Appendix G)

Descent from orbit is achieved by the command firing of a braking
rocket in the satellite. Assume that the satellite is coming over the
pole, that it is picked up by trackers in the north, and that an impact
point in the Pacific is desired. The braking rocket is then fired forward
and upward, imparting a downward and backward velocity impulse super-
imposed on the orbital velocity. The resulting velocity vector points
downward, so that the vehicle is effectively in a ballistic traJectory.
comparable to the 'low-angle',i.e., lower-than-optimum, path of a
1bng-fange ballistic missile.

. Tracking of the vehicle immediately after the beginning of descent
?stablisheﬂ‘a predicted vacuum path. This, together with predicted
étmospheric effects, makes 1t possible to predict the approximate impact
area. Thé vehicle is protected against're-entry heating by a coating of
suitable vaporizing material: 80 1lb of fiberglass-reinforced plastic,
such as 1s used on advanced designs of the ICBM nose cone and on the
Jupiter nose cone, is suggested. Impact survival of the casing, film
load, batteries, and beacon 1s made feasible by the proper selection and
arrangement of structural components. Search aircraft are used to find
and recover the payload. This means that the radio beacon must operate
after water impact, and possibly that some type of dye marker should be

released upon impact. (Appendix H)
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Photographs produced by the system just described should enable us

to do a useful reconnaissance job at Level A, over areas measuring millions

of square miles. The scales and resolution that will be possible are

comparable to those obtained with certain kinds of photographic charting

equipment standard on Air Force reconnaissance aircraft
make it possible to identify major railroads, highways,
centers, industrial areas, airfields, naval facilities,
and the like can be seen. Very likely, defense missile

found around the Moscow area will also be identifiable.

today. They will
and canals. Urban
geaport areas,

sites of the sort

Thus, with

repeated surveillance, it will be possible to find new major installations,

perhaps to learn something about patterns of use of Soviet ICBM systems,

eand certainly to obtain clues for the direction of other, higher-resolution

systems that can provide more detailed, accurate identification. (Appendixes

B and J)
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VIII. GROWTH POTENTIAL

Clearly, the major emphasis of this memorandum is on the easiest
and earliest recoverable photographic satellite system. This version,
the 12-in., f/3.5 camera using 500 ft of 5-in. film, and based on the
Thor booster, is seen as the first of a series of such systems. This
payload is capable of photography at Reconnaissance Level A in adequate
detail. As the system is proved out, as confidence is gained in satellite
operation, and as environmental constraints and intelligence problems
become better understood, longer focal-length lenses can be introduced.
The first system would be followed by a 36-in. fbcal-length camera using
;lSOO ft of 9-in. film. Currently it appears that this payload can also
;be put on orbit using a Thor-type booster, with a maximum payload weight
;of about 300 1b.

: This second system should provide reconnaissance at Level B, giving
jadgquate detaill over areas of hundreds of thousands of square miles.
Eventually this system could evolve into one using a 10-ft focal-length
lens and about 2500 ft of 18-in. film, based no longer on the Thor but on
the Atlas booster, -and doing a reconnaissance job at Level C, or over
specific point objectives. The time phasing of the several projects
should be about as follows: availability of the 12-in. system, one year
from date of contract; availability of the 36-in. system in 18 months;
and availability of the 10-ft system 36 months after the start of the
program (Fig. 5). (Appendix K)

To conclude, it is believed that the type of system proposed here
will work, can be available quickly, and will f£111 a vital military recon-

naissance need both in the near and in the distant future.
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Appendix A

INTELLIGENCE NEEDS AND MEANS

M. E. Davies and A. H. Katz

Assume that in the forthcoming era we will have a continuing need
for both national and military intelligence. It will sﬁffice for present
purposes to note that national intelligence needs, though using in large
measure the same kinds of information inputs required to satisfy military
intelligence needs, are by and large tied to the formation of objectives
and policies, and to the supporting actions necessary to implement these
cbjectives. '

Military intelligence, on the other hand, finds its needs in the
requirements to plan defensive and offensive responses to enemy actions
and to ensure adequate development programs to meet estimated threats.

Military intelligence needs can be described under three major
ca.tegories': '

1. Warning
2. Estimate of Capabilities
3. Targeting Information

Warning is a problem of overriding priority. The requirement here
.18 to supply warning of imminence of hostilities. The second category
of intelligence requirements will, if met, answer the questions:
what does the enemy have, how does he use it, how good is he at using
it, wheore is it, and how many does he have? Targeting information is
that information necessary for us to plan our military response to
attack. The raeconnaissance system described in this report is intended

to provide intelligence for categories (2) and (3).
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Intelligence data can be supplied by many methods. Certainly a
major method is physicai-objective reconnaissance using sensors such
as photography, radar, infrared, and the like, and airborne photographic
reconnaissance emerges as perhaps the principal reconnaissance tool
for collecting data about the Soviet Union. It is believed that only
high-resolution photographic reconnaissance can meet the requirements
for detailed reconnaissance that will exist for the next few years at
least.
| In attempting to pick the kinds of systems whicﬁ are preferred for
the job of pre-hostilities aerial reconnaissance of the Soviet Union,
?t is necessary to have an opefational concept. It is convenieéent to
?define four levels of photographic reconnasissance: A, ﬁ, C, and D.

Reconnaissance lLevel A provides ploneer large-area search. Thié
:calls for a system to be operated over areas measured in millions of
sdpare miles, and at a photographic scale of roughly 250,000 K (where
K 1s between 1/2 and 2) on Aero Super XX at approximately 10 lines/mm.

High altitude operations which have ags thelir end the securing of
detall about small ground objects require resolutions which can perhaps
be measured in terms of feet, or dozens of feet, on the ground. It is
entirely useless to talk about scale without specifying the level of
definition or resolution, and the material on which it is obtained.

For this discussion of photographic performance we have chosen to make the
numbers consistent with nominal service-obtained resolution

(10-15 lines/mm) on standard Aero XX film. While this resolution is

often exceeded in practice, it is convenient to use as a reference

ageinst which photographic performance is measured. Thus we should be

CONFIDENTIAL

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6



Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6

. CONFIDENTIAL

RM-2012
11-12-57
29

able to take this scale number (250,000 K) for pioneer large-area search
against millions of square miles, and investigate the usefulness of a
proposal at a different scale and at a different level of resolution. Very
roughly, resolution and scale are interchangeable over small excursions.
Thus a scale of 1,000,000 at 40 lines/mm should be approximately as good as
a scale of 250,000 at 10 lines/hmr-but if a choice is available, the latter
i8 certainly to be preferred. |

Level B is entitled 'limited area search,' proceeding at a scale
nﬁmber five times smaller (scale therefore five times largef) of
50,000 K, useful against areas measured in hundreds of thousands of
@quare-miles. At such a level of reconnaissance tﬁe character of
%any major installations can be detected and identified, aircraft
éan be seen on airfields, minor lines of communication can bg found
;nd plotted, and in general, those items found at Level A can be
seen more satisfactorily.

Level- C, 'specific point objective photography,' can be accomplished
at a scale level of 10,000 K, and is useful against target areas measured
in terms of hundreds of square miles. At this level detalled analyses
of sites, airfields, industries, and activities can be made.

Level D, 'technical Intelligence objective,' at a scale level of
2,000 K, is useful ageinst areas measured in tens of square miles or
less. ~t will serve many if not most of the needs of technical in-
telligcnce which can be met by photography at all.

- Aif-;;fée phégséf;éhy; iﬁmséhe iﬁsﬁaﬁées; ié ét rresent carried
out at precisely the scales of Level A. An immediate reference is

available in the scale out near the middle of the photographs obtained
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g& the obliquémé;ihéfncharting 1n8t;iiat1;;§ugigﬁd§¥&m8; ;éétAAi;-éérée
reconnaissance aircraft. It i1s clear from studying this kind of photo-
graphy and the resolution obtained, that under these conditions one
should be able to see and identify most lines of communication,
.railroads--certainly major railroads--, highways, canals, urban
centers, industrial areas, air fields, naval facilities, seaport
areas, and the like. Very likely, the defense missile sites of the
sort found around the Moscow area are identifiable under these
conditions.

A concept of operations is envisioned whereby all of the Soviet
Union is covered at this pioneer level of quality at intervals of say,
;6 months to 1 year. With such an operation, new major installationsl
can be detected,‘patterna of use perhaps found, and certainly hints
;and‘cluea for the direction of other finer highér-resolution recon-
ﬁé#asance systems can be obtained. The overall reconnaissance
capability of the United States must be based upon systems able to
operate at each of these levels., The system we are concerned with
here ia designed specifically to do job A, which occurs first in ordef
of interest and must be done in order to serve as a useful guide for

. further reconnaissance jobts.

It is extremely difficult, if not impossible, to take a given
number, such as ground resolution of--in the case of this proposal,

60 feet--and say specifically ‘what can be seen. The conditions of
observation are so variable, as are the illumination, the contrast,
the context, and many other important factors that determine detection

and identification, so that to specify ground resolution alone
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' is insufficient. - At least one photograph is available, taken with

a six-inch lens from an altitude of about 150 miles, with resolution
estimated to be about 10 linea/mm in the focal plane, therefore
giving a ground resolution of about 500 feet on the ground. On

this particular photograph, major railroads show up clearly with even
casuﬁl observation; two military airfields are easily seen with
runways clear and distinguished; and>maJor streets in a nearby city
are fairly easily resolvable and can be plotted.' (This exemplifies
the phenomenon of long lines being more easily detected thﬁn small
square objects.)

The number of ways of conducting overflight operations over the
5 Soviet Union for the next few years are sharply limiﬁed in number.

: Satellites and aircraft almost exhaust the list of'possibilities,

- and fgr.present purposes will be sufficient. For numerous reasons,
including political palatability, vulnerability, and the like, it is
unrealistic to conceive of wholesale cyclic mapping of the Soviet Union
by aircraft. Aircraft are superbd fof performing réconnaissance at
Level C and D, and, properly used, should be confined to that purpose,
furnishing a complementary system to whatever system or systems operate
at Levels A and B.

It is realistic to conceive of finding large military installations,
or other installations in the process of being built, using systems
performing at Level A or B. At such levels, it is certainly possible
to get clues of sufficient interest to warrant dispatching a system

operating at Levels C and D to verify, confirm, or further inspect
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these operations. This is particularly true for the urgent preoblem

of finding, identifying, and plotting on a map, Soviet Union missile
sites.

In eonclusion, recennaissance at level A 1s seen as & fundamental
and 'first-thing-first' job. It will supply a matrix in which other
data can be imbedded, and it will fwrnish a planning guide for future
recemaissance. In and of itself it will sort out profitably searched
areas fram worthless areas, and it will locate and'cha.rt major military

- and industrial operations as well as help determine patterms of use.
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e ve ... . AppendixB
CAMERA DESIGN

M. E. Davies and A. H. Katz

The essence of the present proposal 1s to put a camera-carrying
satellite on orbit approximately 150 miles above the earth, operate
this camera system over the Soviet Union for approximately one day, and
bring the film back to the United States for military analysis. This
appendix discusses the design and operation of the camera and some of
the problems of the satellite mission.

Panéramic cameras for both ground and serial use are certainly not new.
This particular camera design was inspired by a series of prdprietary pro-
gposals by the Fairchild Camera and Instrument Corporation. Extensive
:conversations about these systems were held with F.P. Willcox, Vice President
éof Fairchild, starting in thé spring of 1957. Their Engineering Proposal No.
?hjl describes a 12-in. panoramic for the Ryan tip-pod.* As suggested by RAND
for use in the satellite, panoramic scanning will be accomplished by rolling
the entire satellite stage rather than rotating the camera. For the satellite
application, the lené will be mounted behind a quartz window in the
carrier, and will‘image the ground on a fixed siit in front of the focal
plane. Since this fixed slit serves as a shutter, the only moving parts
will be the f£ilm transport. During the part of the rotational period

in vhich the ground is not being photographed, a measured length of film

*After initially considering the use, in a satellite, of axially
oriented cameras employing 45 mirrors, as in the Fairchild idea, it occurred
to the authors that the mirror could be removed and the camera tipped to the
vertical position. This makes it similar in principle to a camera used for
transverse panoramic photography by Col. R. W. Philbrick at Boston University
in about 1948. This latter camera was modified from a standard USAF S-7 camera;
in-flight photographs made with this 'Whirling Dervish' were exhibited to the
U.N. in 1955, as part of an 'Open Skies' exhibit.
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will be rolled off tge-éupply ;pgélfin“fe;aiéeééufér tgé ;ex£>ex§63ure.

. At the same time, the last exposure will be wound on the take-up spool.
If desired, image motion compensation can be accomplished by canting the
slit, so that the film motion vector'corresponds to the average image
motion vector.

The camera for the large-area search mission will have a 12-in. f/3.5
~ lens and carry 500 £t of S5-in. film. At a design altitude of 750,000 ft
| (roughly 150 miles), a sweep angle of 950 corresponds to a strip width
of about 300 mi. The format size is 20 in. x 4-1/2 in. with a scale
at the center of 750,000, and an average scale of about51,300,000
; at the edge. The ground coverage at the center is 53.3 mi and 77.5 ﬁi at
. the edge. Each>photograph will cover some 18,000 sq mi.

The missile roll-rate is 18.2 rpm with the camera making an exposure

% every third revolution. This gives 9.9 sec between start of successive

: expesures, 10 per cent forward ground overlap in the vertical on successive
frames, and a required film speed of 22.9 in. per second. The design
shutter speed of 1/4000 sec dictates a slit width of .0057 in. which,

from the standpoint of construction, is quite feasible. This slit would
be canted to correct fof .41 in. per sec forward image motion at the
center of the frame.

The 500 £t of £ilm will permit 300 exposures; this correspondé to a
ground path length of 14,300 mi and a total coverage of 4,000,000 sq mi.
It is estimated that *+.is camera will weigh about 50 1b; the peak power
load will be about 100 watts. The film and spool will weigh about 10-1/2 1v.

It is likely, and desirable, that a special 12-inch lens should be
designed for this camera. This will not be too difficult, for the labora-

tory performance required on the film will be about 60 lines/mm.
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There exist today several lens designs which can be scaled up and several
vhich could be scaled down to do this job. The essentially narrow angle
of coverage, the moderate speed, and the fairly short (by aerial
reconnaissance standards) focal length are factors enmsuring the emergence
of an acceptable lens igua reasonable time. .

The exposure time, 1/4000 sec, is based on the choice of a rather
new film emulsion used for aerial photographic purposes-—Eastman Kodak
S.0. 1166 (this was the number under which this film was known up until
very recently when it was given the name, Plus-X Aerecon). The choice of
lens speed (£/3.5) and shutter speed are entirely consistent with this
film choice.

We can éxa.mine the image motion that may occur during the time a
photograph is taken with this panoramic system rather easily. First, of
course, there is forward image motion; in this case, the motion caused by
imaging a ground vel;acity of about 25,000 ft/sec at a scale of about
750,000. A speed of 25,000 ft/sec for 1/4000 sec results in a ground
motion of 6 feet during the exposure, which, when reduced by the
appropriate scale factor, gives the amount of image displacement. As
noted above, the film—Plus-X Aerecon—vwas chosen. such that it would have
enough speed to permit exposure at 1/4000 sec at £/3.5. The logical
question at this point is whether such a film is capable of imaging serial
photographs at sufficient resolution to permit examination of ground
detail at a level consistent with military requirements. The answer is
Yes. The major differences between Plus.X Aerecon and siandard Aero
Super XX are that Plus.X Aerecon has more resolution and much better
graininess characteristics, thus permitting the exé.mination of finer

detail with more confidence than Aero Super XX.
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This systéﬁ is not intéﬁded to obfaig microscopic resolution at,
say, levels of 100 ;1nes/mm. Rather; the goal aimed at, and the
goal believed to be fairly easily attainable, 1s a modest 40 lines/mm
from the air. This compares with advanced reconnaissance systems
now in being.” A statistic commonly u:.d in describing aerial reconnais-

sance systems 18 ground resolution. Ground resolution is simply the

. ground dimension which corresponds to one line of resolution in a focal

. plane. In this case, with a 12-inch focal length lens and 40 lines/mm,

clearly the width of a ground element produced or projected back on the

ground through the lens system is 1/4O mm as seen from 12 inches (300 mm).

This is 1/12,000 of the altitude, or approximately 60 feet. Thus the element
of resolution with which we are concerned is about 60 feet.

It 1s for this reason that residual motions during the exposure, which
are a smali fraction of the 60-feet resolution, can, by and large, be
ignored, especially when these fractions are of the order of 10 per cent
or less. Hence, the 6 feet or so of forward motion produced during the
exposure time of l/hOOO sec while the vehicle is moving at 25,000 ft/sec,
is 1/10 the basic resolution element and can, in this case, be easily
ignored. On the other hand, it is peffectly possible to put in an
average compensation for forward ground speed by properly orientating
the slit mechanism.

By the same token the tolerance or sensitivity of this system to
angular motion and angular rates can be invr stigated. fhe amounﬁ of
mot;on or blurring produced on the film during an exposure is simply the
uncompensated motion,i.e., uncompensated image speed times the exposure

time. Assume a residual speed of, say, 1 inch per second and an exposure
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time of 1/4000 second; the residusl image motion is therefore 1/4000 inch,
vhich is approximately 1/160 mm, considerably less than that tolerable by
a 40 lines/mm standard.

In general, uncompensated image motions other than thet caused by
forward motion of the vehicle arise from angilar rates of one sort or
another. An angular rate of 5 d.egrees/sec glves rise to an uncompensated
image speed in the focal plane of a l2-inch lens, of 1 inch/sec. Con~
sidering the exposure time of 1/4000 sec, this gives a residual motion
of about 1/4000 in., which again is about 1/160 mm, and is negligible.

This example is illustrative only. Angular rates of this magnitude
are not anticipated for this system. The other major, or potentially
major, source of blurring occurs if the film 1s pulled through at a rate
different from that demanded by the spin rate of the vehicle. Table -1l
shows the relationship between me rate, focal length, length of'fi.'l.m,
and other parameters of this 1l2-inch system, as well as other systems
which we envision as follow-on developments. It is intended to generate
a film speed in the transverse direction of about 24-in./sec. This is
based on a spin rate of about 13.2 rpm.

Table I

CAMERA SUMMARY

Focal Length (in.) 12" 36" 120"
Strip Width (s. miles) 30Q 300, 100,
Sweep Angle 93~ 8' 9578 387 47!
Format Size b-1/2" x 19-1/2" 9" x 58-1/2" 18" x 81-1/4"
Length of Film Carried (ft) 500 15p0C 2500
Number of Frames 300 305 365
Frequency of Exposures (sec) ‘ 9.9 6.6 k.0
Spin Rate (rpm) 18.2 18.2 15.2
Revolutions Between Exposures 2 1 0
Film Speed (in./sec) 22.9 68.6 190.6
Forward Motion (in./sec) A 1.2 4.1
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Suppose the film rate is off by 10 j_:er cent, elther too high or too
low from that demanded by these constraints. In this case, the dif-
ferential image speed—uncompensated image _speed,—is again approximately
10 per cent of the 2i-in./sec or 2-in./sec. This uncompensated image
speed would give at most 1/80 mm of uncomper<~+ed motion in the single
direction. This is not enough to affect seriously the overall resolution.
(It is not anticipated that the film rate will be as much as 10 per cent
off in this system.)

It may be of interest to examine rough power requirements for this
type of camera. The aétua.l camera operation will occur during a 90~
degree, essentially vertical portion of a revolution, 1/ 4 revolution.

The actual photography then, will be accomplished during this 1/4
revolution out of every three revolutions. Thus the camera is drawing
peak load for 1/12 of the time of the period of photography. It is
estimated that peak power requirements for this operation, based on
pérformnce requirements of somewhat similar cameras, will be no more
than 100 watts. Between pictures, that is for the other 11/12 of the
cycling time, the camera will be metering film out in readiness for the |
.next exposure, and winding up on the take-up spool the film taken on the
previous exposure. This operation consumes much less power than does the
main job of pulling film through at 24-in./sec.

The number of actual flight-line miles contemplated in this operation
is about 14,000. This corresponds to about seven 2,000-mile passes over
the Soviet Union, or six passes of somewhat greater .ength. The total
flight-line miles of the vehicle is approximately the circumference of

the earth times the number of passes around. This is about 400,000 miles.
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Thus percentage of on-time of the total camera system is approximately
14/400 of the total 1life of the vehicle, here taken as one day. This is
3-1/2 per cent of the one day, or 50 minutes.
Neglecting the fact that the camera 1s drawlng peak power for only
1/12 of this total on-time, assume that it is drawing this 100 watts on
a contimious basis for the 50 minutes. The total amount of power re—
quired for the camera is less than 100-watt hours, an amount of energy

that can be furnished by a few pounds of batteries.
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ATTTITUDE STABILIZATION

T. B. Garber

By spinning a vehicle about its lonsitudina.i axis, the attitude of
the body may be stabilized with respect to an inertial reference. It is

~of interest to examine the effect upon the angular motion of the body of

external, applied torques, Such torques may arise from a number of
sources: aerodynamic forces, the motion of components within the vehicle,

or disturbances during propulsion, Figures 1 and 2 define some of the

| vartsbles of interest.

In order to simplify the analysis, a circular orbit has been assumed,
'rhe rotational equations ¢f motion of the vehicle, in body axes are:

. I, -1 l&

w, + —T—z . 4 “’y w, = Tx— ] (a)

. L-1 & ' ,
b 22y oy w (b) (1).

"’y Iy Wy Yy Iy | |

. I _-1I M

(dz + .L._Iz X wx % = T:- (C)

From Fig., 2 the relation between angular rates in body axes and the rate

of change of the orientation angles may be dedﬁced.

é-mycosv-uzsinv (a)

;.coa 0 = W sin ¥ + w, cos y (b) (é)

Voo + tan © [w sint-o-w 008\71 (e)

The first disturba.ncea tha.t will be consid.ered are those due to resi-»
dual control system errors, w1th a constant spin rate s Wys a.bout the
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longitudinal axis, and with no disturbing torques, Eq. (1, b and e) have
the following solutions:

uy = uyo cos Rz uxt + wz° sin Rz uxt (3)
w, = “zo cos Rz uxt - uyo ain Rz mxt (%)
I-1,

uhereI-Iz-Iyande-I
Introducing Eqs. (3) and (4) into Bq. (2) ytelds

- €s €

h e-
¢ = e°+eg-izx+§:cosnxt+§:amnxt (5)
€ € €s .
y = € +8: -&—icosnt‘pﬁxzsinnxt (6)
Iy uy

vhere Rx -5 and the residual initial errors are denoted by €
with the appropriate subseript.

‘m obtaining Egs. (5) and (6), 1t has been assumed that @ and y are
suall angles, and that their product and the products of their time deri-
vativei may be neglected., The validity of this assumption depends upon
the magnitude of w  in Eq. (2,c) as compared to the remaining terms on the
right hand side of the equationm, '

The angle of’ attack, a, is of interest since it indicates the departure
of the longitudinal axis of the vehicle from the local horizomtal. With
the assumption that, over the range of @ of interest, y and 5, are mall
angles, the rigid bedy angular motion with respect to the veloeity vector
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in the absence of aerodynamic or other disturbing torques may be readily
determined. (See Figs, 1 and 2,)

%, 4 i
a = +é”t +T;cos Rt +§sinnxt+(ao+ea-nx) (7)
=€ € €
a a
B = —==cos Rt + sinRt+€ + = (8)
Ry x EE x bR

vhere a, 18 the d.esi;‘ed attitude of the body at the initiation of the
problem, and éa’ €., e&, end Eé are the re‘sidua.]. errors in @ and 8 and
the rates of change of thése angles at the end of the orientation c‘ontrql
pertod,

As would be expected, with all of the control errors equal to zero,
the body longitudinal ax:lp is stationary with respect to an inertial
reference, Howevef, an examination of the above equations indicates that
with rate errors present, the uaua.l precessional motion of a spinning body
will oeccur, ‘

Consider ‘ncw the resultant error in @ and y caused by this precession.
For the error in @, 66 values of 1%/sec to 3°/sec will be assumed, This
performance is comparable to that obtained in the attitude control of
current vehicles.” A similar value will be assumed for €s. The angular
position ervors, €, and € , might be as large as 2°, With @ and y small

angles, the vehicle orientation error due to residusl rate errors is:

“Buchhein, R. W., 'Lunar Instrument Carrier--Attitude Stabilization, '
RM=-1730, June 4, 1956 (Unclassified).
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66 2 €.\2
AA°,7 = 1,41 (ﬁ;) + (ﬁ-: (1 - cos th) (9)

Figure 5 indicates the manner in which the envelope of AA9,7 varies as a
funetion of the parameter Rx‘

At the end of the control and stabilization period the vehicle is
boosted to orbital speed, With the thrust axis misaligned by a small

' angle, ‘6, a disturbing torque is applied to the craft,
m T o .Q e 8B (10)

vhere T is the thrust, a.nd&isthemmentam.
With zero initial conditions, Eq. (1, b and ¢) now have the following

solutiona:
T ‘g 3 -
w, = _T sin R, w.t (11)
TA 8
W, = F———F (cos R, ut - 1) (12)
. zZ X -
I-1I

vhere 05t5tB,and Ri_f"I .

It is assumed that the thrust is applied as a step function. Thus,

Eqs. (11) and (12) are valid up to the end of the burning period, t

B* When

t>tB, myand mzha.ve the following form:

T4 3

W, =
Yy I szx

[sin R,u ty cos R 2% + (cos Rz“’xtB - 1) sin R 2%t (13)
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Fig. C-3— Total attitude error as a function of spin rate
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T4 o
w, = 7 R [(cos R uw ty - 1) cos R,u.t - sin R,u ty 8in Rz“’xt] (14)
vhere t >0 . (Zero time redefined at the end of burning.)

Introduciﬁg Egs. (11) and (12) into Eq. (2, a,b and c¢) ylelds

T
T "x 8 '
70080 = = R P, () (15)

4,.;-'mx+tanOIRw Ps (e)

where 0t stB and. where

P, = 's.in R,ut cos ¥ + (1 - cos Rzuxt) sin ¥

P, = sinRutsiny- (1 - cos szxt) cos ¥

In the case of Eq. (15), the validity of a small angle solution
depends upon the magnitude of T { 8/I Rw, . It should be noted that
this term may be reduced by reducing the thrust and increasing the burning
time such that the total 1mlse‘rema1ns'consta$t.

A procedure that may be followed in obtaining solutions to Eq.

(15, a, b and c) 1s to expand * in tems of a Taylor series in one of the
parsmeters of T,Q a/IRa . Thus

v (68) = vy o+ (%) (::) e (6)
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with a little manipulation, € may be eliminated fram Eq. (15, b and c)

2

T4 B P P
oo . 2 l *
¥ = I_Itu; P, P, + (¥ - w, ) 'I',; + (¥ - w,) ‘,f (17)

From Eq. (17) the €irst three terms of the expansion of Eq. (16) may be

determined, Thus:

= wt (&)

(%)5-0 =0 ®)

i& 3 :rilxa. t(1+1x)+ o I(Ix-I)sin .
3 8m0 Iiiz"’x "’xg ;é IxE R
[T -1, I(I, +1) e
+ Ix sin th - 5 Ix T Tx sin szxt
1 1°
- T sin(wx-bRx)t-t»:Za- sin 2 R_t (e)

1
+ -Esinath

An examination of Eq. (18, a,b, and c¢) indicates that the Pirst effect of
the misalignment torque appears in the coefficient of 82, and consists of

e term linear in time plus an oscillating component.,
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v ¥ m-l-%

T4 8\ (1+1,)
TRe) ok Pt \TEE) Yo 9

Introducing Eq. (19) into Eq. (15,a) end integrating ylelds

o = Aax{cos [Rx*“] tl-l}
A A, {l-cos [wx"-u] t}

* 2 \Th) 1l (20)

vhere

X

: 2
L.l T A, a> (I +1,)
2 'I_"'Rzu' T u,
From Eq. (20) 1t can be seen that the disturbing torque influences both the
amplitude and the period of the piteh oséillation,
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COmbining' Eq. (15,b and c¢) ylelds:
1/2
SOV > 2 . 2
y = 2 TR—z"-’; Py +(*'wx) (21)

Equation (21), upon consideration of Eq. (18) and Eq. (19), may be reduced
to the following form: |

T4 8 T 4 8\’ | 2

* N 1

y m Py + 2 ﬁ:“'x %—; (cos Rt - 1) + (1 - cos wt) P,
: x

(22)

Integrating Eq. (22) yields:
7=Ax‘sin [Rx"’“] t : (23)
3
_ T lx <)
- 1
wa sin [wx + u] t +m -I—Tz-u; f2 (Vosc‘)

X

2

If terms up to 8" are retained, then the pitch and yaw errors due to thrust

misalignment at the end of the burning period are:

Aoy = ARx [cos (R, + 1) ty - l:l +wa [l - cos (w_+u) *«BJ (24)

oy = ARx sin (Rx+u)t3,-wa sin (w, +n) ty (25)

An examination of Egs. (24) and (25) indicates that, for a known misalign-
ment angle, MB and A78 may be constrained to be zero at tB for any

particular vehicle design, regardless of the value of AR and A , Thus,
W,
_ X X
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R, +p = % (26)
blx"!-‘ - n.+2 (27)

vhere n is an even integer.
Introducing the expression for u given with Eq. (20) into Eq. (27)
ylelds:

(T g 8\2 .
e () (580 @

The ratio, i;- may be found in terms of w, and tB by subtracting Eq. (26)
from Eq_o (27)0 Thus, ‘

' T4 8 - x ' '
mxa- B +2 wx+(2‘ItB [t::‘_g]so (29)

An approximate solution of Eq. (29) may be found by expanding Wy in a

Taylor series in 3,
2
(2 t5 vi 8
NRCEL S B

vhere v is the total impulse,
I
The ratio T"- is

2 2
nx - t‘B v‘Qxa) (n+l)
2x Tm+ 2)x on I, n

I
_].'1"""]"':»&B 2 2
x ta 1.8 '
(2 + ) - m( ) (31)
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Figure 4 is a plot of the required w, end Ix/I as a function of the burning
time for the case in which n is 2,

The thrust misalignment angle 3 is, of course, only known in a sta-
tistical sense, Figure 5 shows the variation of the errors in 6 and y
as a function of 8., In this particular case, the system has been tuned
such that the errors in pitch and yaw would be zero at the end of a
5.9 second burning period,

Piteh a.nd yaw errors would be expected at the end of the burning
period due to errors in the spin rate, the burning time, and in other
parameters, such as I_/I. Since the momemts of inertia of the vehicle may
be carefully adjusted prior to flight, only errors in ¢ and 7y due to Amx
and At, will be considered, Thus

AeAhlx -éARx coa(Rx-O-u)tB-l]-A&sin(Rx-l-u)tBA(Rx-l-u)
: (32)
+A,A‘ [1-cos (“’x"'“) tB:l +A"’x sin (mx-n-u)tBA(mx-u-u)

However, for a tuned system, AOM is zero for small errors in Wye
p'd
Similarly, AOMB 1s zero, In the case of the yaw angle, y, the following

errors would be expected:

I
b7y, ¥ Mg (—I-’E wats) - Ay bty (33)
and
A7AtB = Ap_ (R, + 1) AtB-wa (u, + 1) 0ty (34)

CONFIDENTIAL

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6



Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6

Ao2015 - | CONFIDENTIAIL

11-12-57
TToT T "‘I/"I “DI}Jaul jJoUSjudwowW  JO TOLDY
° o © < N
—_ o (o] o (@] (o]
I ] T T
o
o L
(3]
—
Qo
£
S o
® S +~
Q A
b o
n ¢}
\ fat
O C
o -
2 ~ z o
O : —
a -2
N — =
" - o O
o 3
: 13 o
| Oz
! w O
; @ c
i) - o
f s < 9
i -0 g o -
- — Sp
- @ o3
- Q
g' -
< o)
c -— lw)
S
s [
4« o — E
©
o =
S s
s
© dm o 2
(<7}
x c
| 2
=
< 2
- |
O
o
('
(@]

(oas/poy) *m ‘ajos uids

G —— - -

CONFIDENTIAL :

Approved For Release 2009/09/28 : CIA-RDP89BOO708R000500080001-6



Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6

‘ C 3 TIAL ,' RM-2012
: : 11-12-57
25
o2r
O.15 |-
v =5500 Ib - sec
= tg=5.9 sec
4 wy= 1.957 rad/sec
+%:0.465
~
g o.l IF I
s
-]
<
o OS5
©
c
o
S
@
x
o
>
S
=
2
a
-o.1 ] L ] ] ] ]
0 | 2 3 4 5 6
<x3 4 109
I

Fig. C-5— Pitch and yaw error angles at the end
of burning as a function of the thrust
misalignment errors

‘CONFIDENTIAL -

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6



Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6
RM-2012 VUNTIUCNIIAL ,

11-12-57
56

From the definitions of AR and p upon page 8, it is apparent

W,
X

that A-yA is also zero,: while 'AyA is approximastely zero.,
& o g |
After the burning period is over, Eq, (13) and Eq., (14) give the
body rates, wy and "’zv‘ | Houéver, from the definition of Rz, and from
Egs. (26) and (27), it cen be seen that Rz""xtB is equal to 2x radians,

J
Of course, the most direct approach in reducing the maghitud.es of the

m, W, a.ndwzarezerofor t >tB.

forced errors in 6 and 7 is to increase u o For large values of the spin
rate s the amplitude constants, ARx and wa » approach zero, and it is
not necessary to adjust the periods of the oscillations.

" .Howeﬁr, system operation dictates a spin rate of approximately 2
rad.ians per second, Thus, unless the required increment in speed is, by
d.esign, kept zmall so that, in turn, the misalignment torque is small, the
periods of oseillation should be tuned to ensure small errors after the
propulsion period is over,

The next effect to be examined is that of residual aerodynamic forces,
From consideration of Figs. 1 and 2 1in conjunction with Eqs, (1) and

(2), the following equations may be written:

3+,3v-£°i2(La+Da) +B+7) (-Ru) =0 - (39)
L X4 ‘“ ﬂ [ *
B+7p - (L +28) - (@+8) (J-Ru) = 0 - (36)

where I‘a is the 1lift force due to a, acting perpendic:ilar to v,
I.B is the lift force due to B, acting perpendicular to V, and

D 1s the drag force acting along V. In obtaining Egs. (35)
and (36), all angles except ¥ are assumed to be 'amall angles.' Thus,
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s o]
La’%f"a“reraz_l'“ (a)
1 e 2 &y,
D~z oVPA,, C (e)

Upon adopting a circular orbit, and letting ¢ = w, Eq. (35) and Eq. (36)

have the following form:

2

Q-

I

—ep (%pva%eg (c +&—) a+(BR) = 0 | (38)

r 2

Zp (%pvz%r) @ +%_) p-GR) = -2 n ()

.The solutions of Eqs. (38) and (39) may be readily obtained,

2
8arE2 gorE R.z
-‘;?— sz3 Vr§ x 1
a T slant + (L2, .0 sin z;t (ko)
(zl "23) 3 zl'-z3)
' 2 2 2
gorE Rx gorE sz3 r2R zacoszt
B = 3 7 2, 2 o 98 zt+ 2E o l2 23
VT Vrmn(zl-zj) ern(zl-zB)
(41)
vhere
2
R R
2 p.S p.4
(% *t ot
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| x
NI N PR TR 3

As the aerodynamic effects become negligible, the parameter z3 approaches
zero, vhile 2z approaches Rx‘ If the satellite has s two day operational
capability, then the maximum value of t is of the order of 1.75 x 1()5

seconds, For the angle z3t to remain small over this period of time, it

i8 necessary that z3 have a magnitude not greater than 10'6. Thus

-6 :
10 Rx (b2)

2

n

“n
Figure 6 is a .plot of %—2 , the ratio of the static margin to the
pitéh-yaw moment of inertia, as a function of altitude with the restriction
imposed by Eq. (42),
As a typical example, for an ordit altitude of 800,000 feet with R,
equal to one and with I equal to 20 slug-fta, the center of mass and the
center of pressure may have a ma.xinnm separation of 0,575 inches to ensure

that torques due to aerodynamic effects are negligible, With 2z.t a small

3
angle, Eq, (40) and Eq. (41) have the following form
2 2 ]
€ T Wy
Q = + t+ — sinR t (43)
\'Z r2 Rx3 Rx
2 b ]
g. r R
f = - ) g xa "’nn cos th (4k)
Vr W@, Rx
-
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Thus o is approximately equél to és gt > vhile B s approximately zero,
vhich is the result indicated by Eqs. (7) and (8) for the case of zero
initial errors.

Disturbances which arise due to the motion of internal components
may be minimized by the proper placement of such.gear. As an example,
any rotating machinery should be placed, if possible, with the axes of
rotation coincident with the vehicle's longitudinal spin axis., The motion
of such equipment will then cause perturbations in the spin rate , but will
not exert moments which would result in a pitch or yaw motion,

If 1t were required the spin rate could be regulated by the use of
a reaction wheel,

Other disturbances such as those .dna to meteor impact and magnetic
field interactions may occur., However, the #ormer event appears to be
very unlikaly( )vhile a preliminary examination of the latter effect indi-
cates that for the vehicle under consideration, no significant errors
should develop dur:l.ngA a two day operational period.

Thus, the expressions for the total error in @ and 7y are:

"+

Mo = €t o..7o7 Drg ot B (45)

"

= + + +
a7 €, 20,707 DAy ¥ Mo 2 =/ (46)

In order to evaluate the root sum squared values of A@ and Ay, the

following values have been assumed:
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a
€, = €. = 0,03 rad

€ = €; = % 0,035 rad/sec

w, = 1.957 rad/sec

Qu, = *0.035 rad/sec

I
Tx ad 00%5
tB = 5,9 secs

The preceding values, in conjunction with Figs., 3 and 5 and Eqs, (45) and
(46), yield: |

ae

rss - 0.087 rad

A7rss = 0,109 rad

The primary seurce of rate disturbances is the initial residual error rates.

Thus
A6 = Ay = 0,049 rad/sec
f‘rom the point of view of the operaticnal requirements, the attitude

stabilization of the vehicle poses no particular difficulties. The assumed

performence of the orientation control system is within current capabilities.

(1.) Buchheim, R. W., 'Lunar Instrument Carrier--Attitude Stabilization,’
The RAND Corporation, Research Memorandum RM-1730, June 4, 1956
(Unclassified).
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Appendix D

GUIDANCE ACCURACY REQUIREMENTS

J. H. Huntzicker

The inaccuracies that may be tolerated in the ascent guidance system
can be related to the design altitude, which is determined by a compromise
of the photo interpreter's desire for large scale and the requirement to
keep aerodynamic forces negligible during the one-day operation. Photo-
graphic quality will in general be good, independent of the altitude; how-
ever, the intelligence value of the pictures will decrease if the altitude
is too great.' In this connection, one problem which should be resolved
.during the satellite test program is the determination of air density as
a function of altitude; with these data a minimum operation altitude can
be established.

For purposes of determining guidance tolsrances a design altitude of
750,000 ft (142 mi) has been selected, with permissible variation being
+250,000 £t (47.3 mi). At these altifudes aerodynamic effects are nominal.
If the variation in altitude were to be considerably reduced the design
altitude could, of course, be lowered,

This acceptable range of altitude (142 :h7.3 mi) can be interpreted
in terms of ascent guidance requirements in the following manner: The
minimum or perigee altitude (hp) and the maximum or apogee altitude (ha)
are uniquely determined by these conditions at the end of final, or third-
stage, burning; the magnitude of the velocity (v3), the direction of the
velocity vector with respect to the horizontal (Z;) and the altitude (h3).

They are related by the following equations:

' CONFIDENTIAL =
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r = vj rj_‘ cos 5 (1)
a u(l-e)
2p.2 cos? ¥
N 6PT) (2)
where
ry = hier, (re = radius of the earth)
B = g re2 (g = the gravitational constant)
and the orbital eccentricity e is defined by
r -r
e x-a + T
a p
1/2
) B 2 2
v.,“r, cos* X}
and e = <1 - (2 - v32r3/p) 23 m 2 (3)

Figure D-1 presents ha. and hp as functions of Av3 for varying

A 2"3 where A v3 = v3 - vc (v<= = circular velocity at 142 mi) and AZé = X

3
(ice., ¥'=.0 for a circular orbit), This figure does not include the
effect of errors in the altitude of final burning (A h3). ‘This effect

can be approximated by

dha dh )
——— —2 - + 2 (h
dh3 dh3

Figure D-1 will yield a measure of the inaccuracies which are
tolerable in the control of the ascent trajectory, but this only in-
directly, For D-1 to be meaningful in terms of the performance required
of the guidance equipment it is necessary to examine the flight path to

determine where errors originate and how they propagate to the point of

final thrust cut-off (Point 3),
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Design altitude = 75 X 105 ft
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Fig. D-1—Apogee and perigee altitudes related to errors
in the magnitude (AV3) and direction (A73)
of final burnout velocity
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'A”Fiéure 542 11lustrates a ;eprésehtétivé aécent trajectory; At Point
1 second stage burn-out occurs, followed by orientation and spinning of
the third stage. A long coasting period (about 4800 n mi) takes the ve-
hicle from Point 1 to Point 2 where third-stage burning occurs. Point 3
is the point of final burn-out and hence the initiation of orbiting,

Inaccuracies in guidance prior to Point 1 will result in errors_in
altitude, velocity, and direction at Point 1, Each of these errors con-
tributes to errors in all three quantities at Point 3, Errors are also
introduced by inaccuracy in the control of the magnitude and direction
of the velocity increment added between Points 2 and 3, Due to the small
amount of velocity added in the third stage (approximately 300 to 500
ft/sec) the effects of these errors should also be small (eege, if the
velocity varied by + 2 per cent and the direction by + 5 degrees the re-
sultant errors in final cut-off conditioné are + 10 ft/sec and + 1.7 mils,
which, if added with zero correlation to the errors originating at Point 1,
will be negligible.)

The assumption was made that final burning occurs at a constant range
angle measured from Point 1, If final burning were controlled with a pre-
set clock, further errors would be introduced by inaccuracies in the clock

.and by variations in the time required to reach the desired range angle.

The latter introduces an error in range angle of less than 10 miles. Compa-
rable accuracy in the time base would require a clock acéurate to about

0.1 per cent (~80 sec/day). These effects will be insignificant relative
to thoseé caused by errors in second-stage cut-off conditions.

On the basis of the preceding considerations the remainder of this

study was restricted to an examination of the propagation of errors from
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Point 1 to Point 3 (nearly identical in space to Point 2). During the
coasting from Point 1 to Point 2 the vehicle follows an ellipse described

by 2 2 coszZ(‘

B i (5)
r p(lee cos 55

where @ is the range angle measured from the apogee of the ellipse and
Vi Vg * Avl
T Ta t AR

+ AYS

Y = Y 1

dl

The symbols v a1’ Ta1 and b:il are the design conditions at Point 1 as

39 ATy and Az’é are calculated at

a point down-range ¢c radians (¢c is the design coasting range angle -

indicated on Fig. D-2, .The valuesAv

' see Fig. D-2); ¢3 will be equal to ¢1 + ¢c (¢I being negative inasmuch
as the apogee is down-range from Point 1).

In addition to Egs. (3) and (4) the following are used:

24 - 2 - 2u _ 2
r v ry vl (6)
-@ sin
tan ¥ l-e cos (7)

The final errors are then

AVy = ¥y = V4o (8)
Ar3 =T, - Ty, (9)
Abg = 23 (10)

These were calculated for all combinations of a range of values of

avy, Arl and Ab’i. Representative results are plotted as Figs. D-3, D-4
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and D-5, As can be seen, the relationships are quite linear within the

range of interest and can be approximated by

av, = -2.5x 104 4%, - 0,75 av, - 102 4r) (11)
ary = 21x 10" A/i + 1,5 x 103Avl + 2ar) (12)
aY, = 0142 7.5 %1070 Av) - 5x1200ar, (13)

A marked negative correlation exists between Av3 and Ar3 ,'the net
effect being to limit the variation of ha. and hp of the final orbit (see
Fig., D-1), This is further demonstrated by the inclusion of av* on Figs.
D-3, D-4 and D=5, where Av* is the velocity error defined with respect
. to the actual altitude at Point 3 rather than the design altitude., The

" value of Av* is in general only a fraction ofAv3.

‘Based on the wfor—ego:'n.ng we .c;h‘siipul;f.é_—the apiirb:&t‘n’a"te "écc:uracy

. required of the first- and second-stage guidance equipment. In order to
establish an orbit which will remain within altitude limitations of

142 + 47 mi we could tolerate probable errors in velocity of as much as

+50 to +75 ft/sec and probable errors in angle of up to +4 to :6 mils,
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Fig. D-3—Errors in altitude (Ah), velocity (AV),and flight path
angle (AY) at point 3 due to errors in flight path angle
at point 1 (AY)
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Fig. D-4— Errors at point 3 (AV,Ah, AV* and AY;)
caused by errors in velocity at point | (AV,)
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Fig.D-5— Errors at point 3 (AV, Ah, AV’f and AY3)
caused by errors in altitude at point | (AV,)

CONFIDENTIAL -

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6

AV and AV (ft/sec)



A Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6

'CONFIDENTIAL
' ' RM-2012
11-12-57
T3
Appendix E

FLIGHET MECHANICS

H. A. Lieske

The main features of the orbit of this proposed reconnaissance system
are the inclination of the orbit and the spatial orientation of the satel-
lite vehicle: the orbit is to be in a plane passing through the poles,
and the satellite is to be oriented so that its roll axis is horizontal at
a latitude of 55 deg — that is, the roll axis is at an angle of 35 deg
relative to the equatorial plane. A polar.orbit requires that the satel-
lite be launched in a southerly direction from Camp Cooke (latitude 34.5 deg
North), and that the roll axis of the satellite be oriented so that it is
horizontal at a latitude of 55 deg South. If the final orbital velocity
increment i3 to be added at 55 deg latitude south, the total aécent is
approximately 5400 n mi. That is, this satellite ascent path is equivalent
to the first half of a shallow ballistic missile trajectory of ;bout
10,000 n mi total range. This ascent path will require the maximum perfor-
mance capability from the booster combination. An alternate method of
establishing the orbit with the correct satellite orientation will be
discussed later.

The launching vehicle for the satellite consists of a two-stage booster
combination — the Thor and the second stage of Vanguard — plus & small
solid propellant rocket of the Vanguard third-stage type to give the final
orbital velocity increment.A The booster siages are described in Appendix F,
The vehicle parameters pertinent to the performance study are repeated in

" Table 1.

CONFIDENTIAL -

Approved For Release 2009/09/28 : CIA-RDP89BOO708R000500080001-6



Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6

C FIDENTIAL
RM-2012 CON ’
11-12-57
T4
Table 1
VEHICLE PERFORMANCE PARAI\EI'ERS*

Thor Vanguard II
wE:l = 13,880 1b : Wy = 1430 1b
wpropl = 9"(,030 1b wprop = 3320 1b
I, a 245 sec (sea level) I = 278 sec (vacuum)
T = 150,000 1b T = 7500 1b
ty = 158.5 sec f'B a 123 sec

Final Stage (solid rocket)

I . 245 sec (vacuum)

*
v = 0.750

*
These parameters were used in the trajectory analysis.
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The burnout velocity of the booster combination was approximated by
use of the theoretical velocity potential of each stage minus the approxi-
mate values of the velocity losses due to drag and gravity. The velocity
loss due to gravity during the Thor poweredlstage, flown on a gravity-turn
path, is shown in Fig. E-1 as a function of the first-stage-burnout path
angle. The velocity loss due to drag for a nominal configuration is also
included. The second-stage gravity loss is given in Fig. E-2, also for a
gravity-turn path. The curve §f rirst-stage-burnout path angle is included
to relate the two figures.

An average specific impulse ratio T/Ié = 1.13 was used for the first
stage. The second stage operates at altitudes above 200,000 ft so that its
drag deceleration will be small and is neglected in this analysis. The
second stage specific impulse will be constant at the vacuum value of
278 sec.

The approximate burnout altitudes of the first and second stages are
given in Fig. E-3 as fuﬁctions of second-stage path angle. The first- and
second-stage burnout ranges are approximately 90 and 450 n mi respectively,
for trajectories which are nearly horizontal at second-stage burnout.

The final burnout velocity, at a given path angle, is given by

V.

5 = - 81 log, (1- vl) - gI, log, (1 - v2) - AV, - AV - AV

2 Dy 8,

where the propellant-gross weight ratios vy and v, are determined from the
assumed second-stage payload weight and the data given in Table 1.
The second-stage payload weight is giveu by

wor‘b

W = + 25
- ¥
PaY> 1 - v
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Fig. E-l — Velocity loss during first stage
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Fig. E-3— Burnout altitudes
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with a propellant — total motor weight ratio v* of approximately 0.75 (see
Appendix F), and the required v value computed from the orbital velocity
increment using a specific impulse I3 = 245 sec.

The ascent trajectory for an orbiting weight of 300 1b launched from
Camp Cooke directly into the orbit at 55 deg south latitude is shown in

Fig. E-4. (This ascent trajectory was computed for a circular orbit at an

altitude of about 180 stat mi.) The total booster velocity potential, with

a second-stage payload weight of 350 lb, is 29,350 ft/sec which is decreased
to a burnout velocity of 25,700 ft/sec by the losses due to drag and gravity
on this shallow trajectory. The second-stage-burnout path angle is 2 deg
at an altitude of 335,000 ft, resulting in an eccentricity of about 0.035
for the free-flight ascent ellipse. The circular orbit velocity increment
required for this trajectory is only 450 ft/sec, which is typical of a long
range satellité ascent trajectory. The solid rocket motor for this orbital
velocity increment will weigh about 25 lb. The total required velocity
potential of the three powered stages 1s 29,800 ft/sec for this ascent
trajectory.

The effect of total ascent range on the allowable orbiting weight is
shown in Fig. E-5. It can be seen that the allowable orbiting weight for
this vehicle combination could be about 40O 1lb, or an increase of about
30 percent, if the ascent range were about 2700 n mi, or half the range re-
quired for launching the satellite from Camp Cooke and entering the orbit
at a latitude of 55 deg South.

The relative velocity contributions of the booster combination and of
the final stage will vary as the ascent range is changed. As the ascent
range is decreased, the required orbital velocity increment is increased

while the booster velocity increment is decreased. The net result is an
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hB, = 170,000 ft

)’BI = 8 deg

Xg,= 95 n mi

Ve, = 25,700 ft /sec
hg,= 335,000 ft

)'Bz= 2deg _— T
XB2= 500 nmi
/ ‘/ Equator
AVore=450 ft/sec \ -

Fig.E—=4— Typical ascent from Camp Cooke
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increase in the allowable orbiting weight as the ascent range is reduced to
a more nearly optimum value for this booster combination.

The lower horizontal scale of Fig. E-5 indicates the corresponding
launch latitude for orbit entry at 55 deg South. For example, if the
lﬁﬁnch site were at a latitude of approximately 10 deg North (Panama), the
allowable orbiting weight for this booster combination wouid be increaséd
by about 10 per cent. Alternately, if the orbiting weight were fixed at a
value of 300 lb, a small performance margin would be available.

Another possible schéme of establishing the satellite in an orbit with
the required vehicle orientation (horizontal at 55 deg South) is sketched
in Fig. E-6. The trajectory parameters at second-stage burnout are such
as to lead to a free-flight ellipse which has an apogee altitude somewhat
higher than the required orbital altitude at a shorter distance from the
launch site. After second-stage burnout, the satellite vehicle is oriented
correctly (roll axis at.35 deg relative to the equator) and spun to the
required roll rate. When the vehicle coasts up to the required orbital
altitude at an intermediate latitude, li’ the third stage, which is oriented
as mentioned above, adds the appropriate velocity’increment to the vehicle's
velocity in the ellipse so that the resultant velocity is directed hori-
zontally at that point with a magnitude equal to the fequired circular
orbital velocity. The final velocity increment required for this method of
orbit injJection will be somewhat larger than the value required for in-
Jection at 55 deg South (Fig. E-4), so that the final-stage gross weight
will be increased slightly. The variation of orbiting weight with range to
apogee shown in Fig. E-5, however, is such that the required weight increase

may be compensated for.
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Equator

Velocity increment
at orbital altitude

Fig.E- 6 — Alternate satellite ascent
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Appendix F
VEHICLE DESIGN SUMMARY

E. C. Heffern

FIRST-STAGE BOOSTER

Thor (WS-~315) IRBM is used to provide the initial rocket-powered
boost for the proposed reconnaissance satellite. Based on a preliminary
review of the Thor airframe and its major components and systems, it
appears that an upper stage, or stages, weighing 5000 1lb could be placed
oﬁ the Thor without modification to the basic airframe and its primary
components, The estimates presented in this report are intended to out-
line the more basic considerations associated with the use of the Thor
as a first-stage satellite booster, and are not intended to reflect a
complete analysis.

For the trajectory analysis presented in Appendix E, a weight summary
of the Thor missile is given in Table 1, These data are based on informa-
tion contained in Refs. 1 and 2.

Table 1

WEIGHT SUMMARY - THOR MISSILE (1b)

Structures Group . . . . . . . . ... ... . 3060
Propulsion Group . . + & ¢« ¢ o ¢ ¢ &« ¢ o o o & 2380
Guidance and Control Group™ . . . . . . . . « 1565
Separation System . . . . . ¢ ¢ . ¢ 0 4 e . 30

Electrical System™ . . . . ¢« . . . . ¢ ¢ . . W 200
Dry missile ~ less upper stages . .. . .. . . .. 7235

Unusable Propellants ., . . . . ¢« . . ¢« + « « & 1525

Pressurization Gases . . . . . . . . . . . . . 372
Burn~-out Weight - less upper stages « « « « « ¢« . « ¢« 9132

' Usable Propellants . . . . . . . ... .. .« 97,030 ,
Take-off Weight - less upper stages . . . . . . . . 106,162

MModified weights - see discussion below,
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The modified guidance and electrical system weights are due to the
omission of the ACSP guidance unit and a portion of the vernier system
for the satellite mission., Elimination of the guidance unitireflects
a weight reduction in the electrical power system,‘as well as inthe
guidance system, because of reduced power requirements. (It is assumed
that the required electrical power is obtained from the same type battery-
inverter power source used in the early Thor missile.) Since ve;nier
rockets will be required only for control during the main-rocket boostA
in this application, the vernier propellant tanks may be omitted. The
allowance for unused propellants shown in the table includes a 1 per cent
reserve for propellant utilization errors,

Although the axial loads resulting from the 5000-1lb upper-stage load
(the d;aign re-entry-body weight is 3500 1lb) are estimated to be within
the load-carrying capability of the Thor airframe, the increased length
of the upper stages may result in a larger airload and larger bending loads,
which may require localized stiffening in the guidance section and in the
section between the tanks. Because of the differences in the diameter
of the re-entry adaptor ring and the body diameter of the upper stage,
it may be desirable to consider a modified nose, or guidance, section
for the Thor missile. The actual design of this section would, of course,
be determined by the actual design choice of the upper stage. If the
second stage of the Vanguard system is used on the Thor booster, this

guidance section may be modified as shown in Fig., F-l,

SECOND-STAGE BOOSTER

The second-stage of the Vanguard vehicle is utilized as an example
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Thor-XSM75

XSM-75 with Vanguard
and satellite stage

AN/

\

Fig.F-1— General arrangement
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of ﬁhé‘£§é§”df“§;hicié;réﬁd the perfbfﬁahéé_r;qnired, for adaptation
to the Thor airframe for satellite missions, Although other missile
components could be included for this application, it istelieved that
the Vanguard second-stage could be available at an earlier date and would
have a greater flexibility than other components; for example, the 117L,
or a modified Sergeant-type solid-propellant booster with a special control
system added for vehicle orientation after burn-out,

The Vanguard second stage consists of a propulsion package manu-
factured by the Aerojet-General Corporation and assembled into a complete
second stage by the Martin Company with the addition of the guidance
(autopilot) and control components; The basic ascent trajectory and
sequence of operations for the proposed satellite are predicated on many
of the features of the Vanguard design, That is, there are two phases

- of powered flight, followed by a coast period during which the missile
is oriented and the third stage is spun around its roll axis prior to
third-stage igﬁition. The weight of the satellite package discussed in
the following secion, 300 1b, is less than the weight carried by this
section in the Vanguard vehicle (approximately 500 1b).

“This summary discussion of the Vanguard second-etag-e vehicle, and
the performance data presented in Table 2, are based on Refs. 3 and 4.

The propulsion package (Aerojet AJ-10) includes a 7500-1b thrust
(vacuum conditions) rocket engine using unsymmetrical dimethylhydrazine
(UDMH) and inhibited fuming nitric acid (WIFNA) as propellants., The en-
gire is regeneratively cooled and is gimbal-mounted to provide thrust
vector control. The propellants are pressure-fed to the thrust chamber

by the pressurizing gas (helium augmented by a solid gas generatér). The
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Table 2

VANGUARD SECOND STAGE

Weight Data

Structure . + . . . . . ... . . . 150

Powerplant (including tanks) . . . 450

Controls and guidance . . . . . . « 270

‘Electrical system . . . . . . . . . 150
'Dry missile weight (iess upper stage). . . 1020

" Residuals . « 4 4 e s s s e s o .o 60
" Burn-out weight (less upper stage) . . . . 1080

Usable Propellants . . . . . « o 3320

Gross stage weight . . . . . . .« . « . ¢« ¢ 4400

Performance Data (vacuum conditions)

Thr\lst L) L) . L] L O * [ 7500 lb
Specific impulse . . . 278 sec
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pressurization system (helium tank) is located between the propellant
tanks, After main-stage burn-out, the residual pressurizing gases are .
used in the control jets for orientation control during the coasting phase
of the trajectory,

The second-stage structure includes an aft skirt, tank section, and
thé forward instrument and housing section. The aft section is constructed
of a magnesium alloy, while the tank section (with the integral pressuriza-
tion sphere) is heat-treated stainless steel, The forward instrument and
housing section are of a magnesium-thorium alloy., This section houses
the guidance equipment, the spin assembly, and the third-stage solid pro-
pellant rocket. Ths satellite (orbiting stage) is attached to this

section as shown in Fig, F-2,

THIRD-STAGE ROCKET

Th@jlong-fange ascent path for this type of satellite requires the
addition of only a small velocity increment (abeut L50 ft/sec) to place
the vehicle in orbit, A shorter ascent path would permit a heavier pay-
load to be carried, but the increased AV required for the orbit would
call for a larger unguided solid-propellant rocket than is stipulated
here, with attendant undesirable increases in angular and velocity errors
(see Appendix E). Uncertainties in the total impulse of the solid rocket
(about 1 per cent) could be expected to vary the actual velocity increment
by 1 per cent or about 5 ft/sec for the selected trajectory, which can
easily be tolerated,

The design of the solid third-stage rocket is based on a shortened
8cale-~Sergeant case and grain usiﬁg Vanguard third-stage propellants,

which gives 2,5 sec specific impulse at altitude, The propellant weight
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‘of 20 1b with an inert weight of 6 1b will give the required velocity
increment of 450 ft/sec.

SATELLITE STAGE

For this discussion, the satellite stage is divided into three major
components; the phots..uphic installation, the recovery system, and the
structure. The photographic equipment, discussed in Appendix B, is con-
sidered to be packaged in a short c¢ylindrical section (35 inches in dia-
meter, 6 inches in length) as shown in Fig. 1 on p. 5 (a hole is provided
to allow packaging the rocket case as shown in the figure), A list of
the components, and the estimated weights are included in Table 3.

The recovery system includes the tracking and recovery beacon, and
the retro-rocket which is the heaviest single component in the sateliite.
For simplicity it is suggested that the entire satellite be recovered for
the 12 inch camera. As larger cameras are incorporated, it may be de-
sirable to recover only the film package, al;owing a greater percentage
of the satellite to be utilized for useful payload.

For the design proposed in this report, the retro-rocket delivers
approximately 1500 ft/sec velocity increment to initiate descent from
orbit. The Sacle-Sergeant motor is adequate for this application. Weight
of the retro-rocket is about 22 per cent of the total weight of the orbiting
stage., Table 4 summarizes the weight breakdown of the recovery system.

The basic configuration of the satellite is a modified double cone
with spherical ends as showr in Fig, 2 on p, 6, The forward surface is
covered with a plastic-fiberglas material for heat protection through
vaporization during re-entry, The shell is constructed of a magnesium

allow stiffened with a honéy-comb or foam plastic for rigidity. The aft
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Table 3

PHOTOGRAPHIC INSTALLATION WEIGHTS (1b)

Camera System « « ¢« v « ¢« ¢ o ¢ o o ¢ o o o s oo 5L5

Lens & lens mount 20

Film & film spools . . . . . . « « « « « 12.5
Film transport . . « « ¢« ¢« ¢« ¢« ¢ ¢ ¢ e« &« 5
S1it Plate « « o« « « o ¢ ¢ o o a4 o a0 L
Quartz window . . . . . . . . c s e o e 3
Motor and battery . . . . ¢« . « ¢« . . . 10

Altit‘lde Sensor ¢ & o 0. L I A ¢ o o o e o o . e o 8.5

WIndow « o« ¢ o ¢ ¢ ¢ ¢ ¢« o ¢ 6 o o o o o 05
Sun sensor . . . e o o o o o o s e o e Ll
Battel'y......,..........3.0
CIOCk....OIQOCO"OOCDCIOO

Misc, . .
Container........-..'...-....o.‘Zo
Metal parts . . . . 4. ¢« ¢ ¢« ¢ o ¢« o« « o 15

mVironment * & & o 0 & o 2 & o o e o o o 5

Total InstallationWeight . . . . . . . « v . . . « 80
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Table 4

RECOVERY SYSTEM WEIGHTS (1b)

Retro-rocket . « ¢« ¢« ¢ ¢ ¢« ¢ o ¢« . « « « o 60

Propellants . . . . . ... . 51
Inert parts . . . . . .. .. 9

Tracking beacon . . . ¢« ¢ ¢ ¢ ¢ ¢« ¢ o« « o 16

Beacon
Transponder
Battery

Antenna & cable

Recovery beacon .. 9
Beacon

Battery
Antenna & cable

Total installation weight . .. . .. . . 85
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portion of the shell structure is covered with s thin plastic coating

for heat protection. A summary of the structural weights is given in

Table 5,
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Table §

STRUCTURE WEIGHT SUMMARY (1b;

Metalékin....‘........ls
Heat shield . ... ... ..... 65
Aft plastic covering . . ¢« ¢+ o 10
Plastic foam . . « . . . . . .+ . & 4O

Total structure weight . . . . . . . 130
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TRACKING
R. T. Gabler

Tracking the reconnaissance satellite will be required to establish
an orbit sufficiently accurate for coordination of photographic data, for
triggering the retro-rocket at the desired time for descent, and for
establishing the descent path to facllitate impact location, Because of
the near-polar orbit, location of tracking stations at high latitudes will
be favored. The required number and location of trackers will be dictated
partly by the guidance accuracy on vhich one can depend,

Since tracking accuracy deteriorates at low elevation angles, it is
1high1y important that the satellite pass within a range which permits
sufficient tracking data to be obtained at elevation angles greater than
'20°, For a nominal 150-mile (statute) height, this requires that the
satellite pass within 5° of the station (measured on a great circle path),
or within 345 miles ground range, To ensure against guidance inaccuracy in
launching, it is suggested that two or three trackers be used in an arrange-
ment which generally places them with a 200 mile east-west separation.

For a lasunching from Camp Cook and recovery in the Pacific, this would
indicate Alaska as a favored location for these trackers s from which the
descent would be commanded and the impact point predicted, Three such
trackers located at a reasonable high latitude in the eastern part of the
United States or Canada would be required to track an early pass for orbit
prediction,

Tracking data would be in the form of two angles and a range to give

position fixes necessary for orbit prediction, A minimm of two positions

CONFIDENTIAL -

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6



Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6

CONF¥FIDENTIAL

RM-2012
11-12-57
100

and the corresponding time are required, Additional tracking data would
necessarily be used in reducing the effect of noise errors, The use of
range information relaxes considerably the requirement for angular
accuracy. To obtain range, a transponder in the satellite is required,
This, however, is consistent with the requirement for a command receiver
in the satellite for firing the retro-rocket. For a CW system, modulation
of a comand transmitter at the tracker and remodulation in the satellite
in a manner similar to that ﬁsed by Azusa for range méasurement is a
feasible scheme,

The frequencies used would be nominally 500 me for the satellite
‘transmitter and 200 me for the ground-command transmitter. Since circular
polarization is required, the satellite antenna would be a turnstile or _
‘helical design s0 located that the inertial orientation of the vehicle will
point the axis of the antenna toward the tracker to within at least 60°.
Amplitude modulation of the ocutput stage of the satellite transmitter,
vhich will have a crystal-controlled master oscillator, will permit tracke-
ing in angle by either an interferometer-type system or a conical scanning
system, It would permit range measurement to be made by phase comparison
of the modulation frequency which is transmitted one way on a nominal -
200-me carrier and back on a nominal 500-mc carrier,

For a satellite at 150 (statute) miles height on a circular orbit, a
veloeity inerement of 1500 ft per sec délivered along the longitudinal
axis vhen the vehicle is at 65° N. Lat, (over Alaska) will cause a descent
to about 200,000 £t altitude in about 6 minutes with impact about 3.5
minutes later, If commanded at 65° N. Lat. the impact will occur at about
32° N. Lat. Generally, it would be preferred that the satellite pass near
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the zenith with respect to the tracker since this gives the maximum amount
of useful trecking data, but conventiocnal radar trackers are not gimballed
to permit tracking through the zenith,

Preliminary estimates indicate that a tracker which can measure
angles to about 0.l mil and range to about 0,1 mi of systematic error,
will permit prediction of the impact point to sbout 3 n'mi if the tracking
is accamplished after the descent has been commanded, Angle information
good to about 0.l mil (systematic error) can be obtained from either a
conical~-scan system or an interferometer type.

A CW-type transponder can be designed _witi: smaller space and weight
' requirement in the vehicle than a pulse system with the required perfor-
?nance. It is estimated that a pulse-type transpender can be adapted from
a.n exiating design and will weigh abeut 15 pounds with power supply. A
Ecii-type could be built to weigh about 10 pounds with power supply. -

Since early availability is of paramount importance, one should pro-
‘bably consider adapting an existing tracking radar such as the FPS-16, or
Nike missile-trazkiné radar to do the job, This would require modification
of the range circuits, at least in the Nike, If one considers the use of
shipborne radars and probably reduced accuracy in prediction, the SPG-49
is a good possibility.

For a recovery beacon it is proposed that a spring-ejected whip
antenna be extended vertically through the satellite skin after impact.
The antenna will be excited by a 50 mc oscillator designed to radiate about
0.25 watt, The signal strength at 50 miles would be about 35 pv/meter
vhich sheuld be adequate for airborne direction finding, The estimated
weight for this design, for a 3-day operation, totals about 5 pounds for

the transmitter, antenna, and batteries,
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Appendix H

RE-ENTRY AND RECOVERY

C. Gazley, Jr.

DEPARTURE FROM ORBIT

‘Descent from the orbit is achieved by the command firing of a braking
rocket as described in Ref. 1. Since the vehicle's orientation 1s condi-
_tioned by the geometry necessary for photography of a specific area, and
because of the relative positions of that area and the desired recovery
area, the braking rocket is fired forward ﬁnd upward, This results in a
downward and.backmard velocity impulse superimposed on the orbital velocity,
The resulting velocity vector is oriented downward at an angle ¢ with the
local horizontal (fig. H-1). The vehicle is now effectively in a ballistic
trajectory comparable to the *low-angle' (i.e., lower than optimum) path
of a long-range ballistic missile,

For the desired range of about 2,000 n mi and an impulse angle
e = 110-1250, a velocity impulse AV = 1,500-2,000 ft/second is required.
This yields a resultant velocity Vst 24,800 ft/second and a path angle
y = 3-h°. Descent from this point follows a 'vacuum' path down to an
altitude of about 250,000 ft. Below this altitude, atmospheric drag
effects increase and ultimately predominate over gravitational influences.*
Vacuum ranges are shown in Fig, E:;Tas a fuﬁction of the magnitude and angle

;of the velocity increment. Descent from the orbital altitude to 250,000 ft

is accompanied by a velocity increase to 25,500 ft/second and an angle

ry A
The altitude region where drag becomes important depends, of course,
on the drag-mass characteristics of the body.
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Fig. H-I— Vehicle orientation in orbit and
at time of velocity increment
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increase to y = 4° or 5°. Conditions at this altitude are shown in Fig. H-2
as functions of the impulse characteristic;.

Radio observation of the vehicle immediately after the beginning of
descent establishes a predicted vacuum path. This, together with estimated
atmos;luric effects, enables a prediction of an approximate impact area.
The problem is similar to that described previously for the recovery of a
sclentific satellite through natural decay of the orbit.(z) In that case,
the predicted impact area was a narrow strip, a few miles wide and several
hundred miles long. In the present case, the steeper desceﬁt results in
a smaller uncertainty in range error. Final recovery is accomplished by
overflight search, This, of course, requires operation of the radio bea-

con after the water impact,

ATMOSPHERIC DRAG AND DECELERATION

The effect of the earth's atmosphere on the vehicle'!s path and velo-
city 1s dependent both on the approach path and on the vehicle's mass-
drag characteristics, For even a.rather shallovw entry angle (say 5° or
more), the path in the atmosphere is essentially linear - at least until
after appreciable deceleration and heating have occurred, For this type
of path, an approximate analysis(B) is sufficiently accurate for estimation
of deceleration and heating. By this analysis, the velocity altitude varia-

tion 1s given by:

B_”eWsinycﬁ_ (.1)
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The velocity-altitude variation, as given by this equation, is shown in
Fig. H-3 for several values of the drag-maga parameter, CDAd/W sin 8., It
is seen that similar curves result, with relative displacements fér
various values of the drag-mass parameter, The maximum deceleration
occurs when the velocity has been reduced to about 61 per cent of the
initial value. Thé maximum deceleration is independent of the vehicle's
size, shape, and mass and is:dependent only on the initial velocity and
on the entry angle. For the present case, the maximum deceleration
amounts to about 20 g's, The altitude of maximum deceleration is depen-
dent on the entry angle as well as on the drag-mass characteristics of the
body.

As in any preliminary design, the tentative choiée of parameters
involvés a cyclic process in which considerations of structure, heating,
recovery, etc., all contribute to the final choice. Although the reasons
for choosing various phases of the vehicle design will be developed in
this Appendix, it is necessary for discussion purposes to describe that
design here, The vehicle is essentially an ellipsoid with a maximum dia-
meter of about 3 ft. While its orbital weight is 300'lb, about 50 1b (of
propellant) is used to initiate descent from orbit, so that the weight at
atmoepheric entry is about 250 lb., This results in a drag-mass parameter,
cDAc/w sin y = 0.153 sq £t/1b, which yields the velocity-altitude varia-
tion shown by the dotted line in Fig. H-4. A maximum deceleration of abbut
20 g's occurs at 110,000 ft altitude. Choice of the‘weight stemmed from
booster capabilitles and desired paylﬁad. Size and shape evolved from
considerations of packaging and of heating and recovery. The film package,
radio beacon, antenna, batteries, etc., are arranged to preserve entry

stablility and permit recovery.
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As previously noted, the orientation of the vehicle is controlled by

a moderate spin rate.so that the vehicle is properly oriented for photo-
graphy. The original orientation will be approximately preserved during
the first part of the return trajectury, so that initial atmospheric entry
will be rear-end first, By dis~"-.ing the center of gravity toward the
front of the body, aerodynamic forces can be made to re-orient the body.

- The design, of course, should be such that the re-orientation is completed
before heating is appreciable.*

Ultimately the body falls vertically at terminal velocity:

s — | (@)
[Cpfe Psr,

W 2g °

which results in an impact velocity of about 400 ft/second for the body

described.,

RE-ENTRY HEATING AND SURFACE PROTECTION.

During penetration of the atmosphere, a vehicle's kinetic energy is
converted into thermal energy of the surrounding air. Some of this thermal
energy is transferred to the body as heat. The rate of this transfer
varies during descent both with air density and vehicle velocity, Heat
is transferred by both convection and radiation from the hot gas 'cap!

over the front of the body to the bady's surface, The rates of both con-

A simi 1"?ro‘blem occurred in the case of the recovery of a circum-
lunar vehicle, A dynamic analy... .ndicat~d that, for an essentially
backward initial entry, the vehicle becomes righted at an altitude of about
250,000 ft. It then oscillates about the desired orientation; as the alti- -
tude decreases, the osclllations decrease in magnitude and increase in fre-
quency, The predicted amplitude was about 10, and the frequency about 15
cycles/second in the region of maximum heating and deceleration.
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vgctive and radiative heat transfer increase with air density and vehicle
velocity, and are thus most severe when high velocities are allowed to
persist into the lower atmosphere,

Below about 300,000 ft altitude, the atmosphefe is dense enough to
give an effective continuum type of flow., Here a shock wave occurs ahead
of the body and the thermal energy appears in the hot 'shocked! air be-
tween the shock wave and the body., Passage through the shock wave increases
the air density by a factor of ten or so, increases the temperature ten- to ’
fifty-fold, and causes appreciable dissociation and some ionization, Heat
is transferred from this heated region to the vehicle surface by convection
(and conduction) through the viscous boundary layer and by radiation from
the hot gas. When the boundary layer is of the laminar type (say above

about 100,000 ft altitude), the convective heating rate per unit frontal

area may be approximated, for relatively blunt bodies, as( )
3 P 3
) = ou (3)
‘e /3D 4.
SL

It will be noted that this indicates a variation in heating rate per unit
surface area with the sine of the angle of surf#ce inclination, A turbu-
lent boundary-layer condition, occurring’ in the lower atmosphere, results
in heating rates which are higher by about an order of magnitude.

Surface heating by radiation from the hot-gas region is still some-
what a matter of conjecture. Preliminary work, however, indicates that
it becomes appreciable only when very high velocities are allowed to per-
sist into the lower atmosphere, For the present case it is Judged negli-

gible,
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The heating rate increases duiing the initial stages of entry because
of the increasing atmospheric density. However, it reaches a maximum
value when the velocity has been reduced to about 80 per cent of its
initiél value where the rate of decrease ¢” velocity overcomes the rate
of increase of atmospheric density. Thereafter, the heating decreases as
additional deceleration oceurs., As described more extensively elsewhere(B)
the aerodynamic heat input can be balanced by thermal radiation from a thin
metallic skin providing the heating rate is low enough so that the maximum
equilibrium surface temperature is allowable for the surface material.
However, this requires a rather light body'or a drag-brake device so as
to provide deceleration high in the atmosphere. In the present case, for
the sake of gimplicity, such complexity is not desired. Therefore, the
radiation technique of heat rejection has been discarded in fawor of some
means of heat absorption.

One possibility is the use of a thick metallic skin to absorb the
heat by temperature rise, Such a system is not very efficient from a weight
standpoint, however, absorbing only about 100 Btu/lb.(s) More efficient 1is
the use of a surface material which absorbs heat by a phase change. Heat
absorptions of the order of 1,000 to 5,000 Btu/lb or more appear to be ob-
tainable through the use of g material which vaprozes.(s)(7) For example,
it has been estimated that the depolymerization of Teflon will absorb some-
what more than 1,000 Btu/lb,(6) other plastic materials yield values up to
5,000 Btu/lb$7) and graphite gives a value in the order of 10,000 Btu/1b,
Advanced ICBM re-entry body designs involve the use of such ablation systems,
and the Jupiter currently uses such a system, The required weight of such

a vaporizing surface material depends on the total heat input during atmos-
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pheric penetration. If we integrate, for example, the laminar convective

heating rate (Eq. (3)) over the time of entry, the total heat load is found

to be:

3’/_"5 erf( pSL>

W sin Yy O (h-)

e CDAc pSL
- meiny [t [GE )SLd

@

and for a surface material having a heat absorption per unit weight, 7,

the weight of cooling system is found to be, in ratio to the total weight,*

2 PsL ( | She  Pgr, )
wc 3/x Y YR sin;z o ert W sin 7 7 o

v
/( w5 4
SL

This equation yields the rather surprising conclusion that the cooling-

(5)

system weight requirement increases with the drag-mass parameter. A
somevhat similar expression can be derived for turbulent convective
heating. A qualitative picture of the weight requirements for a cooling
system or drag brakes is indicated in Fig. H-5 as a fﬁnction_of the drag-
mass parameter, Two minima appear: one where the drag-mass parameter is
slightly greater than that which would bring abeut heating in the lower
atmosphere with consequent higher turbulent heating rates, the other
where the drag-mass parameter is Just large enough so that radiative heat
transfer is possible and yet not large enough to require a large weight

in drag brakes, To avold the complexity of drag brakes, the first of these

*This, of course, presupposes that the ratio W /w is relatively small
compared to unity, since the velocity variation, Eq. (1), assumes a constant
mass, For larger values of the weight ratio, a meteor-type analysis which
takes into account the changing mass would have to be used.
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minima was chosen, The Ehoice, as described previously, 1s an ellipsoidal
body about 3 ft in diameter and weighing 250 1lb at the beginning of re-entry.

Because of the shallow angle of atmospheri; entry, the aerodynamic
heating rates for this recovery are lower than those experienced by an
ICBM re-entry body. However, the more gradual deceleration involves a
longer time of heating so that the total heat load is greater, as Eq. (5)
indicates. This means that a greater fraction of the total weight is re-
quired for heat protection. Thus, while only about 5 per qent of the
total weight of an ICBM re-entry body may be ablated, the present case
involvés somewhat more than 10 per cent,

Using a vaporizing material with a heat-absorbing ability of 2,500
Btu/lb, about 35 lb of surface material is predicted to vaporize during
desgent. Using a relatively generouslfactor of safety, 65 1lb of heat-
absorbing surface has been postulated for this vehicle, This corresponds
to an average thickness of about 3/8 in., with about one-half ablating

and one-half remaining.

WATER IMPACT PHENQMENA(B)

In an initial program for the recovery of the satellite, it would be
desirable to keep the return package as simple as possible. This would
increase our ability to predict reliably the behavior of the vehicle
during its re-entry. Therefore, a minimum of reliance should be placed
on such devices as drag brakes, parachutes, reverse rockets and the like,
Just before impact. The satellite must survive impact on return to earth
and the radio beacon must continue to operate after impact.

Analysis shows that the internal equipment can be protected and the

deceleration loads kept to below 1,000 g's,
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The film package, beacon and batteries are comnected to the forebody
by means of a properly chosen plastic, with properties compatible with
the deceleration loads that can be tolerated by the internal components

(several plastic materials with suitable combination of properties arc
available),
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| SYMBOLS FOR APPENDIX H

A, frontal (cross-sectional) area of body
As surface area

cD drag coefficient

d Icharacteristic dimension of body

e base of natural logarithms

g gravitational acceleration

h altitude |

M Mach number

q heatiné rate

Re Reynolds ﬁumber, dup/p

u vvelocity

u, velocity at initial entry condition
W mass of body

x distance

a exponential coefficient in density relatiom, ¢ = e*ah
o) atmospheric density

.pSL atmospheric density at sea level

o density ratio, p Ps1,

4 path angle with local horizontal

u viscosity

Subscripts

IC laminar connection
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Appendix J

ON THE INFORMATION DELIVERED

T. F. Burke, M. E, Davies, A. H. Katz

There are several different ways to measure the information content

of a picture, and hence to assess the worth and rate of delivery of

reconnaissance information from a satellite. From the standpoint of infor-

mation theory and communication engineering, it is customary to.calculate
the number of bits involved and to evaluate the amount and rate on this
.basis. However, every discernible leaf on a tree and patch of cloud
is counted as information on this basis, and the photo-interpreter finds
this a strénge measure indeed. He prefers to evaluate photography in
terms of useful detail he can see in the picture and the extent of the
" usable coverage; These are subjective judgments which depend not only
on the picture but also on the use to which 1t is put, and may be poorly
correlated with the number of bits. Between these extremes, and perhaps
serving as a bridge between them, is the assessment in terms of scale,
resolution, and area covered. 1In this‘appendix the proposed system is
approximately evaluated from each of these three viewpoints.

From the information theory and communication viewpoint, the infor-
mation content of a picture is equal to

2581 A log, G Dbits

where

N = photographic resolution in lines/mm

A = area of the picture in square inches

G = number of distinct levels of grey in the photograph.
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(The factor 2581 con;ists of a factor of 4 to convert photographic lines
to electronic scanning lines and a factor to reconcile the mixed-up
dimensional units in N and A.)

This expression tacitly assumes complete equivalence of a photegraph
and its TV replica when each photographic 'line' is covered by two elec-
tronic 'lines’'. Uﬁfortunately, it is not at all clear that such a replica
is.indeed equivalent. At least in part this resulté from the uncertainty
with which photographic reselution is related to recognition of picterial
details; 1t 1s well-known that a phote-interpreter often can see detail
whieh he 'shouldn't' be able to see. Conseqpently,'the expression abeve
is best regarded as a lower limit to the number of bits contained in a
plcture. A better guess might be about 10 times this expression.

| Ingofar as photographs at different scales, resolutions, and contrasts
are equally well asgessed by the expression above, it provides a means to
compare the informatien-collecting capabilities of various photographic
systems. However, for mest practical purposes this expression is needlessly
complicated by the factor log2 G. Consider the following table which spans

the range of probable interest.

Number of distinet greys lag2 G Relative information content
6 2.58 0.661
8 3.00 0.768
10 3.32 0.850
12 3.58 0.918
15 . -3.91 1.000
20 L. zp 1.106
30 4,91 1.256
40 5.32 1.362
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The last column of the table has been centered arbitrarily on G = 15
in order to point out that the information content of a picture is fairly
ingensitive to the number of.grey levels. If it is assumed that all pic-
tures exhibit about 15 levels of grey the estimate arrived at is not likely
to be wrong by mere than 30 per cent. In view of the other uncertainties
involved in estimating the inf&&mation content, this is not a serious error.
Hence the original expression can be replaced by

10,000 N°A bits.

Using the foregoing fairly reasonable, but somewhat arbitrary, approach

it is possible to tabulate a relative comparison of photographic systems;

three of present interest are shown below.

System | Area Resolution No. of bits
A N
One conventional 9 x 9 aerial 81 10 8.1 x 107
photo
One day's take of original 405 100 4,05 x 10%°

Lockheed satellite; 15 feet
of 2-1/4 inch £ilm

One mission of recoverable 27,000 Lo 4.22 x lOll

system proposed here; 500
feet of 4-1/2 inch film

This analysis indicates that the original Lockheed satellite would
deliver each day the information-content equivalent of approximately 500

conventional 9 x 9 aerial photographs. Further, the recoverable system
proposed herein would deliver in one day (one mission) somewhat mcre than

-~ 10 times the one-day take of the original Lockheed satellite, or about 5300

ordinary 9 x 9 photographs.
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The information-theory approach is a questionable measure of the worth
of all this information, because it ignores the undeniable influence of
such factors as scale on the practical utility of the photographs. How-
ever, this approach is fundamental to an analysis of the problems of
electronic tr#nsmission of photographs by TV, wirephoto, or similar tech-
niques. A transmission channel (radio or wire) having an effective band-

- width B cycles per second can deliver at most ‘
B log, (1 + s/N)
blts per second. Here S/N 18 the ratio of signal power to noise power
at the receiver. This bit-rate is a theoreticel uﬁper limit and cannot
be surpassed by any system. However, real éystems rarely even come close
to this limit. For favorable values of S/N (perheps 10 db or better)
the theoretical value can be approached only if very élaborate coding
schemes are used. Such elaboration leads to high cqst, high complexity,
low reliability, and undue sensitivity to changes in S/N. Consequently,
such an approach 1s rarely used, and would be inappropriate in a satellite
'system. To assess a practical situation it is more appropricte to demand
a signal-to-noise ratio better than 10 db =nd then to assume an information
rate of B bits per second (something between 1/3 and l/lO of the theoretical
limit, depending upon the S/N which is achieved.).
Combining the two expressions above ylelds a practical lower limit

to the time which must be consumed in transmitting a pieture:

~

10,000 N° A
—_— seconds

B

For the original Lockheed satellite, using B = 6 x 106 (vhich is close to

CONFIDENTIAL -

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6



Approved For Release 2009/09/28 : CIA-RDP89B00708R000500080001-6

CONFIDENTIAL 201
11-12-57

123

the meximum preetical valﬁe at present) the time required to trensmit one
day's take turns eut to be 112-1/2 minutes.

It is net practical; because of line-of-sight limitations, to trans-
mit te a greund station for longer than about 10 minutes on any one pass
of a 300-mile satellite. Such a satellite makes abeut 16 passes per day.
Consequently, the daily take of the original Lackheed satellite pretty

well fills the communication capacity to a single receiving station, even

if the satellite paséed over that station every time. The characteristics

of the orbit and the rotation of the earth prevent the satellite from
passing over a single station on every pass, and so several stations are
needed to recelve the 112-1/2 minutes per day of transmission.

The early recoverable satellite proposed here will achieve about 10
times the daily take discussed above. To match this a telemetering
satellite using only one 6 megacycle channel would need 18 }/h hours of
transmissien. Such a schedule would be out of the question because
receivers would be needed on the oceans and in unfriendly territory. The
growth potential of the recoverable satellite is such that later models
may well deliver 20 times as much information per day. A comparablé
daily rate by telemetering would require some 200 to 500 megacycles of
bandwidth and a long-time average power radiation of mofe than 300 wetts
(not including any power consumption aboard the satellite). Such numbers
are fantastic in terms of the present state of the art. They point up
emphatically the intrinsic virtue of physical recovery of photogiaphs.,
This conclusion 1s quite independent of detailed considerations of foecal

length, format, reselution, etc., and applies as fully te the immediate
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future as it dees to system growth.

The foregoing discussion of infermation delivery is certainly rele-
vant to the military geographer and mapper, but it is not couched in the
quantities to which he is accustomed. The area covered by the proposed
500 feet of L 1/2 inch film 1s 4 million square miles. The scale at the
center of the photograph is 750,000. Reglecting earth curvature, the
averaéevscale at the far point of the sweep, which ig abeut 300 miles wide
for a nominal deéign altitude of about 140-150 miles, is approximately
1,300,000. (This average scale is the geometric mean of the scales in
the x and y directions on the photegraph.)

The phote interpreter is not primarily interested in either of the
assessments above; he is concerned with what he can see in the picture.
This is. much more difficul£ to estimate, first because there is so little
relevant evidence based on similar small-scale photography, and, second,
because this estimate is so dependent upon subjective judgments. The
photo interpreter is not accustomed to looking at pictures on Plus-X
Aerecon film at a reselution of 40 lines/mm; he is used to locking at
Aero Super XX at 10 lines/mm.

A rough comparison of the proposed photography with presently available
photography is furnished by censidering lo-lineglmm photography at scale
numbers. of about 200,000. This is precigely what can be obtained on oblique
metregon photography from the Air Force standard tri-met char.ing instal-
lation at altitudes of 40,000-50,000 feet. This sca.e .umber c¢:eurs out
near the prinecipal point of sueh phetography, about 50° to 60o off

vertical.
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Examinatien of such photography, and of the available rocket photo-
graphy that i1s applicable to this question, leads to the firm belief that
the proposed camera installation, operating at a ground reselution of about
60 feet at the center of photography, will indeed detect most, if net all,
uncamouflaged airfields, transportation lines, canals, rail lines, indus-
trial centers, and the like. Port areas, marshalling yards, and defense
missile sites similar to those in the Moscow area should be easily iden-
tified and located. If previous cover is available, new construction

such ag might be characteristic of large missile sites, should be detected.
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Appendix K

ON THE GROWTH POTENTIAL OF THE RECOVERABLE FILM RECONNAISSANCE SATELLITE

M. E. Davies and A. H. Katz

Clearly the major emphasis of this proposél 1s on the first and the
easiest recoverable photographic reconnaissance satellite. This version,
the 12-inch f/3.5 camera using 500 £t of S5-inch film, and based on the
Thor booster, is seen as the first of a series of such cameras and
systems. This systemAis capable of deoing reconnaissance at Level A in
adequate detail. As one learns how the system works, gains confidence in
satellite'operations, and understands the environmental constraints and the
intelligence problems, it becomeé possible to consider more advanced
éystems. This early model would be followed by a 36-~inch focal-length camera
system, using 1500 ft of 9-inch film. It is believed at this time that
this larger camera can also be put on orbit uging a Thor-type booster system,
with a maximum payload-stage weight of about 200 1lb.

This second reconnaissance system could begin to do job B in the
four levels of reconnaissance with adequate precision and detail. For the
really long term, considerable growth potential may be anticipated for the
panoramic type of camera system, with the eventual use of a 10-ft focal-
length system employing about 2500 £t of 18-inch film; however, this camera
would require not the Thor but the Atlas booster. The time phasing of the
several projects could be approximately as follows: avallability of 12-
inch systems, one year from date of contract; availability of 36-inch
system, 18 months; availability of 10-foot system, 3 years from the start

of work. This information is summarized graphically on p. 21.
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It is important to recognizé that this type of system will have a
usefulness into the‘indefihité future, even afﬁe? the availabllity of
satellite reconnaissance systems which are able‘to talk back to the ground.
The reasen for this lies in the potential usefulness of extremely long
focal-length, recoverable reconnaissance systems. For reasons discussed
in Appendix J, it is unlikely that the capascity and detail-gathering
capability of a surveillance satellite, limited as it is by bandwidth hours
to talk back te the ground, will ever approach the data gathering rate
which seems to be available within a few years in the long focal-length
recoverable system.

Table 1 comyareé the camera perfermance of the Lockheed 117L 6-in. and
;36-in. systems with that of the three systems discussed in this report.
| It was not the purpose of this report to develop an argument either
. for or againgt 'talk-back' satellifes vis a vis recoverable satellites.
Clearly there is =2 rolé for both kinds. Some Jobs will be done better by

one, some by the other. They should be complementary, not competitive.
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* smu.m cm Pmanmcx commnmon ‘
Performanee - LepT Db IT  AAND PAN L ﬂum PAN 3 RAND.PAN 10
Foeal Length ) 6 in., 26 1n, .12 in. "56 in. 120 1ia.
. ot ?
Altitude 300 m 300 k2 mt - L2 md 142 mi
Resolutien Glincq/mn) 100 100 ho 40 40
F:le mtcrofile mierofile Aerecon Aerecon - Aerecor
Strip Width s.mi. 100 16 360 300 100
Lens speca' £/3.5. 2/3.5 t/3.5 £/3.5 t/3.5
e 1 : 1 1 1
: Shuttér Specd.' 50 9e¢ 100 **¢ 5000 **¢ Looo °*°  Looo °°°
Center Scalc 3,000,000 500,000 750,000 250,000 75,000
Average E&ge Sealc_ . 3,000,000 500,000 1,300,000 440,000 82,000
Ground’ Resolutien - 100 16 60 20 6
Feet»Per:Line at : :
Center , -
Ground Resolution 100 16 105 3 .0 612
Feet Per Line - SR -
Average at Edge of
Format
Total Ground Area 9,000,000 750,000 4,000,000 2,900,000 750,000
Covered (sq. mi) 10 days 30 days 500 £+t x 1500 £t x 2500 £
5 in. £ilm 9-1/2 in.  18-1/2 4in.
! 1 day £11m £11m
? 1 day 1 day
Total Pilm Area 25 5 185 1125 3750

i"J.'l:xe film here called Aerecon is perhaps more properly titled Plux-X-Aeim'econ.
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